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This Report was written in consequence of a com- 
munication from Henry Booth, Esq. Treasurer of 
the Liverpool and Manchester Railway Company, 
contained in a letter dated 18th November, 1828, 
from which the following is an extract. 



" The time is arrived when the Directors deem it 

* necessary to decide on the kind of moving power 

* to be adopted on the Liverpool and Manchester 
' Railway. Expecting, as they do, a very large 
^ traffic, perhaps to the extent of 2 or 3,000 tons 

* per day, to be carried along the line, they have 
^ had little hesitation in determining that some 
' more efficient power than horses must be used ; 

* but being aware that on the Railways in the North 
^ both Fixed Engines and Loco-motive Engines are 
' employed, and that their respective merits and 
' capabilities are variously estimated, they are 

* anxious to obtain the most correct information on 

* the subject ; and mih that view have determined 
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** to request the combined professional assistance 
" of a Civil Engineer and of an experienced maker 
*• of Steam Engines; and T have accordingly been 
** instructed to write to you and to Mr. Rastrick of 
" Stourbridge, and to convey to you the request of 
" the IHrectors that you will undertake, on behalf 
" of this Company, a journey to Darlington and the 
** neighbourhood of Newcastle, to inspect the dif- 
** ferent Railways in those districts, and to ascertain, 
** by a thorough investigation into the power of the 
'* Engines, the cost of working them, and their 
** actual performance, the comparative merits of the 
** two descriptions of moving power/' 



At a meeting of the Directors at Liverpool, on 
12th January, 1829, the following instructions were 
also delivered : — 



^* Mr, Walker and Mr. Rastrick are requested, in 
the first place, to ascertain the comparative expense 
of conveying Goods on a Railway by Loco-motive 
Engines and by Fixed Engines. 

** But, in addition to this primary object, there are 
other and very important considerations to be at- 
tended to. 

*^ The state and condition of the Road where the 
different systems are in use, deserves particular re • 
gard; and especially bow far any injury which 
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may be done by the Loco-motive to other Roads, is 
likely to occur to the Liverpool and Manchester. ' 

** The wear and tear of waggons is another 
point. The cost of repairs under this head, on 
the Darlington Railway, has been very great — 
partly, it is said, owing to the Loco-motive Engine. 
If this be correct, it is important to ascertain 
whether the evil admits of ^remedy. 

** The quantity of traffic for which it will be ex- 
pedient to provide the power of conveyance may be 
estimated as follows : — 



From Liverpool or towards 
Manchester, 



OroBt weight, 
•bout 

and «•«»* 



Dally. 

1000 tons of goods 
niercbandiz«, exclusive 
of waggons, from Liver- 
pool to Manchester . • . • 1500 
500 tons cattle, sheep, 
pigs, &c that is, the cat- 
tle will occupy the room 
of 500 tons of goods, and 
the difference in actual 
weight will not be great 750 
This large quantity tnaif 
not occur more than two 
or three da^s in the 
week, still it must be 
provided for, as the 
conveyance of cattle 
cannot be delayed. 
400 tons of coals, a distance 
of 12 to 15 miles, say from 
Ken yon to Manchester <M)0 
800 empty coal waggons, a 
distance of 8 to 20 miles, 
say from Liverpool to 
Whiston, Rainhill and 

Newton 800 

800 passengers from Liver- 
pool to Manchester, oc- 
cupying about 35 car- 
riages 100 

Gross weight towards 
Manchester,, ..tons 8750 



From Manchester or towards 
Liverpool, 



Dally. 



OroMWAlcMf 
abovt 
tmwtt 



500 tons of goods, lime, 
stone, &c. exclusive of 
waggons 750 

800 empty waggons or 
stages, which will have 
brought cotton or other 
goods at 15 cwt. each, say 250 

200 empty coal waggons, a 
distance of 12 to 15 miles, 
say from Manchester to 
Kenyon 200 

1600 tons of coals, a dis- 
tance of 8 to 20 milesi 
say from Newton or 
Whiston to Liverpool . . 2400 

250 empty cattle carriages 250 

800 passengers from Man- 
Chester to Liverpool, oc. 
cupying about 35 car* 
riages 106 

Gross weight towards 
Liverpool ..••tons 3950 
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** The Directors are unanimously of opinion, that it 
is essential to the interests of the concern that the 
public should be accommodated in every respect, 
in the best possible manner, so as to leave no room 
for complaint or dissatisfaction, not only in the 
direct conveyance from Liverpool to Manchester, 
but also in taking up and delivering goods or pas- 
sengers on different parts of the Mne. 

" With reference to the Loco-motive Engine, it will 
be important to ascertain at what speed it can travel 
with safety, and with a given pressure of steam, 
having regard to the economy of fuel, an item of 
expenditure which on either system must unavoid- 
ably be so large. 

** If Fixed Engines are to be used, can effectual 
accommodation be afforded to the public, in the 
way of convenient access to the Railway, for taking 
up or setting down, branching into, or out of the 
line, at different parts of the way ? 

" The comparative safety^ also, of the two modes, 
is a point on which the fullest information, and most 
correct opinion are to be desired. 

*' Taking into accounts all the circumstances, both 
as respects goods and passengers^ on the above 
scale, the goods requiring punctuality of convey- 
ance, and the passengers requiring safety and expe- 
dition, can both goods and passengers be conveyed 
on the two lines of Road at present provided ; and 
if so, by which system of conveyance can the de- 
sired object be best attained ? 

** It will appear by the section that there are 
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three inclined planes between Liverpool and Man- 
chester, viz. 

One in the Tunnel, 

One at Rainhill, 

One at Sutton. 
The two former ascending^ and the latter descending 
towards iManchester ; the plane in the Tunnel is 
1,970 yards in length, having an inclination of 1 in 
48; the other two, \i mile long each, being in- 
clined in the ratio of 1 in 96. 

" The opinion of Mr. Walker and Mr. Rastrick is 
requested as to the power of the Engines to be em- 
ployed at these planes, and as to the best scheme of 
working them, so as to afibrd the greatest facility for 
the transit of the large traffic which must pass over 
them." 



To the Directors of the Liverpool and Manchester 

Railway Company. 



Gentlemen, 

The general question submitted for 
Mr. Rastrick^s and my consideration may be shortly stated 
in these words : 

'^ Whaty under all circumstances^ is the best description 
'^ of moving power to be employed upon the Liverpool and 
" Manchester Railway ?'^ 

The comparative advantages of the different kinds of 
power applicable to Rail-roads generally is at the present 
time a very interesting question, the difficulty and im- 
portance of which, as a matter of science, are much in- 
creased by the magnitude of your concern, and by the 
various considerations necessary to be embraced and 
balanced previously to arriving at any decision that 
would be useful to you, or consistent with the confidence 
you have placed in us. 

The paper that was handed to us when we attended 
your meeting at Liverpool, has proved to us that you are 
fully aware of the points to which I refer. I have en- 
deavoured to view them without prejudice, being assured 
that as a short time must show the true merits of the 
various modes of conveyance as applicable to your case 
and to others, I should, as a professional man, but ill dis- 
charge my duty to you^ or consult my own interest, by 



allowing my judgment to be warped from advising that 
course, which, from the best information I have been able 
to collect, it would be advantageous for you to follow. 
I may here also take leave to say of Mr. Rastrick, that in 
every thing connected with our inquiry, and the conclu- 
sions we have arrived at, I have seen nothing like preju- 
dice for or against any particular system, beyond what 
arose from his minute attention to the merits of each, and 
from the result of a very laborious investigation. 



Account of It may be proper to give you, in a few sentences, an ab- 
o«ra«y» stract of our proceedings, that you may know how our 
time has been occupied. 

On the 10th January I arrived at Stourbridge, where 
I was joined by Mr. Rastrick; another reason for my 
going there being to see a loco-motive Engine, intended 
for America, which has just been completed by him, with 
some improvements and alterations I had not before seen. 

On the ISth January, the day after we attended your 
meeting and received your particular instructions, we 
proceeded with Mr. Stephenson along the line of your 
• Railway, and on the 14th arrived at Manchester. I think 
it unnecessary to occupy your time by any report on the 
progress of your great work, which must be well known 
to you, further than by remarking, that the works appear 
to be done in a very substantial manner, and that as 
respects the strength of the rails, the size of their sup- 
ports, and the great pains taken in the cuttings and em- 
bankments to reduce the inequalities of level, the Liver- 
pool and Manchester Railway is very superior indeed to 
any thing of the kind that has yet been done. 

On the 15th Mr. Stephenson accompanied us to the 
Bolton Railway, lately executed under his direction. 



The principal object of our survey there was a loco-motive 
Engine made by him upon what he considers the best 
principle of any he has yet constructed^ and the report we 
have since received from Mr. Sinclair, clerk to the com- 
pany, to which I shall afterwards have occasion to refer/ 
proves the great power which the Engine is capable of 
exerting. 

On the 16th we arrived at Leeds, Mr. Stephenson 
having previously left us. Here we examined Mr. Blen- 
kinsop's Engine upon the Middleton Rail-road. We saw 
it make a journey with 38 waggons, each containing 45 
cwt. of coals, which, considering the small size of the 
Engine, exceeded our expectations, as we were told that 
a part of the way is level. We therefore requested Mr. 
Blenkinsop to furnish us with further particulars of ex- 
pense and performance, which he has kindly and gra- 
tuitously done, and has allowed an exact measurement 
and section of the way to be taken for our use. 

The 17th, 18th, 19th and l^th January we passed at 
Darlington, and upon the Stockton and Darlington Rail- 
way. Here was the largest field for observation we had 
yet seen, there being several loco-motive Engines of dif- 
ferent forms and power ; horses also are employed upon 
the same part of the line. Towards the upper end of it 
there are two inclined planes with stationary Engines. 
We had therefore the opportunity of seeing various modes 
of working, and of collecting information, which was 
liberally given to us, and which was the more to be 
valued, as neither the very active and intelligent Direc- 
tors whom we saw nor their Agents appeared to have 
any object in view, but to advance the prosperity and use- 
fulness of their concern, and to extend the results of their 
experience for the information of others. 

On the 21st we proceeded to Sunderland, and on this 
and the following day we examined the line of the Hetton 
Railway, upon the lower part of which the work was, 



until within a few years, done by loco-motive, but is now 
performed by stationary Engines upon the reciprocating 
principle ; the middle part is a series of inclined planes 
worked by stationary Engines, and upon the mile and 
half nearest the pits the loco-motive power is still used. 
From the different Agents upon this Colliery, we re- 
ceived very freely every assistance they could afford 
us ; Mr. Wood, the company's cashier, has, at our re- 
, quest, given us further details, and besides taking an 
accurate section of tHe whole road expressly for our use, 
has furnished us with an account of every particular of 
expense, and a detailed statement of the various powers 
and modes of working upon the line. 

From Hetton we proceeded on the evening'of the 23d 
to Newcastle, and we remained in that neighbourhood 
until the 29th. From the SSd till the 26th inclusive, we 
were employed in arranging the observations of the past 
week, and in meetings with Mr. Thompson, the Patentee of 
the reciprocating system by fixed Engines, and with Mr. 
Wood, the manager of the Killingworth Collieries and 
author of the well-known treatise upon Rail-roads, both 
of whom were disposed to forward the object of our in- 
quiry ; Mr. Thompson having also allowed us to extract 
irom his private book the details of expense and of work 
done upon the Brunton and Shields Railway, with much 
valuable general information on the subject. Thus, 
although the fall of snow prevented our getting out until 
the 27th, our time was fully and I trust usefully employed. 
The whole of the 27th was occupied upon the survey of 
the Brunton and Shields Road, which was constructed by 
Mr. Thompson upon his patent plan. The merits of the 
general principle I shall of course have occasion to discuss 
hereafter, but with regard to neatness of execution, 
despatch, and methodical system and arrangement, there 
is not, I believe, any road at present in use to be com- 
pared to this. 



The surveys and experiments at Killingworth, in which 
we were assisted by Mr, Wood, occupied the whole of the 
SSth, and on the 29th we left Newcastle. 

It is but justice to say, that in every quarter where we 
applied information has been most liberally afforded us, 
and in some cases before the parties knew who we were or 
to what our inquiry tended. The Directors, Proprietors, 
and Agents upon all the Rail-roads which we have 
visited, have received us courteously, and not only al- 
lowed us to inspect their works, but have prepared and 
furnished us such documents and abstracts as we re- 
quired : and what is more remarkable, we found but little 
of that ptejudice and strong feeling in favour of one 
system, which leads to a display of the favourable fea- 
tures and a concealment of the disadvantages on the one 
side, with a corresponding partial view of the other. 

From the time of my return home I have given my 
almost undivided attention to the subject, in drawing re- 
sults from our experiments and from the information 
received while upon the survey. 

Having made our separate calculations, Mr. Rastrick 
and myself met at Oxford on the 20th February, and re- 
mained there until the 24th, when we came to general 
conclusions, in which it was satisfactory to find that there 
was little or no difference of opinion : — had the time al- 
lowed we should either bave remained together or met 
again, and I doubt not have signed the same Report ; but 
knowing from you the importance of not longer delaying 
the delivery of our decision, we thought it better that each 
should at once transmit to you his opinion in his own 
words; and if there be any difference in the items of ex- 
pense, it is to be ascribed to the consideration we have 
separately given the question since we separated : — I be- 
lieve that such difference will be found but trifling. 
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Your instructions state " Tlie comparative expense of 
conveying goods upon a Railway by loco-motive and by fixed 
Engines,^^ as the primary object of inquiry. 

I shall therefore first consider this subject:— but pre- 
viously to going into detail^ it may be proper to state that 
certain data are absolutely necessary to form a basis for 
the comparison. If the quantity of goods be small or 
uncertain, it would require no calculation to determine 
that the lo^o-motive system is the cheaper, because by it 
you increase the power by an increase of the number of 
Engines, and can therefore always proportion the power 
to the demand, while upon the stationary system it is ne- 
cessary first to form an estimate of the probable trade, 
and then at once to establish a line of Engines, Ropes, 
&c. from end to end, that shall be complete and fully equal 
to it.*^There is therefore in the loco-motive system an 
advantage in this respect, that the outlay of capital may 
at the first be much less than by the other system. 
Trade on You have given us sufficient information to guide us in 
the extent of power to be provided. 

The gross weight from Liverpool or towards Manches- 
ter is stated at • • • • 3750 tons, 

And from Manchester or to wards Liverpool 3950 „ 

In the former number are 400 tons of coals and SOO tons 
of waggons from Kenyon to Manchester, being nearly half 
the length of the line at the Manchester end, and 800 tons 
of empty waggons from Liverpool to Whiston, Rainhill 
and Newton, averaging about half the whole length at 
the Liverpool end. In the trade towards Liverpool are 
included 200 tons of empty waggons from Manchester to 
Kenyon, and 2400 tons of coals and coal-waggons from 
Newton or Whiston to Liverpool. 



This trade is equal to about SOOO tons of goods, or 3000 
tons gross, moved in each direction between Liverpool 
and Manchester daily, which quantity we have therefore 
taken for the basis of our calculations. 

Excepting at Rainhill and Sutton, and at the Liverpool 
Tunnel, no part of the line rises more than 1 in 800, and 
as the quantities conveyed in each direction are nearly 
equal, the assistance received from gravity in the one di- 
rection is equal to the retardation caused by it in the 
other ; we have therefore considered the whole line (with 
the two exceptions stated) as horizontal. 

As the stationary system must be adopted in the Liver- 
pool Tunnel, whatever may be done in the other parts of 
the line, we have entirely excluded it in forming the com- 
parative estimate. 



I shall now proceed with the Loco-motive Estimate. Loco-mo- 
tive Esti- 
mate. 

We assumed the convenient power of each Engine to Number 
be 10 horses, including the power necessary to propel ^n-|jj^eg^^ 
itself and its tender. The diameter of the wheels we took 
at 5 feet, and the strength of the steam in the boiler at 
from 40 to 50 lbs. per square inch. 

The gross weight of this Engine, with its tender and 
water, we find to be 10| tons. 

While the Engine is in motion we suppose that its ve- 
locity should be 10 miles per hour, to enable it to average 
9 miles between the two extreme points; and when the 
speed of coaches upon the roads is considered, we appre- 
hend that the rate ought not to be less. 

An Engine of the above description will be found, by 
referring to note A, to take 19^ tons gross at 10 miles per 
hour, or 13 tons of goods and 6f tons of waggons, and its 
expense we estimate as follows :— 
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One Engine will cost £6S0 

But to h^ive five Engines always in repair six 
will be necessary, or the capital requisite 
to provide an Engine always ready for 
workwill be l|of one Engine, — add there- 
forelof£550 110 

Together 660 

For a tender, tank, &c. £50, and i of 50, 
being 60 

Making the whole cost of one Engine at 
work £720 

Now the average durability of the Engine, when the 
work is considered, may be taken at 20 years, or at 12| 
years purchase. 

The annual charge for capital is 

therefore £57 12 

Less £60 receivable for the old ma- 
terials at the end of 20 years, 
which is in present money equal to. 1 16 

Leaving annual cost 55 16 

Add for estimated annual repairs, as per 

noteB 107 8 

And for wages, coal, and other working ex- 
penses, as detailed in notes C. and D 204 4 

Making the annual cost of each Engine work- 

ingSlSdays £367 4 4 



We have now to ascertain the number of Engines that 
will be required. 

We calculate that each Engine may work, exclusive of 
stoppages, from 9 to 10 hours per day, at 10 miles per 
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hour, or it will make three journeys daily between Liver* 
pool and Manchester, taking with it 13 tons of goods, 
which is the same as 1170 tons conveyed one mile. 

The daily. traffic being taken at 4000 tons conveyed SO 
miles, or 120,000 tons conveyed one mile, will, according 
to this, require 103 Engines constantly at work. 

Our first great item of expense is therefore 103 Engines 
at £367. 4s. 4d., amounting to £37,456. i^s. 

But in this we have allowed nothing for the additional Rainhiu 
power required at Rainhill and Sutton, the rise of which pianes. 
is 1 in 96. Our idea was that an additional Engine might 
be employed to assist the others at these planes, but a little 
consideration showed us our mistake. I am unwilling to 
confuse my report by introducing calculations into the 
context ; but as it may be important that this point be well 
understood, I will state the principle in a familiar way. 
Our calculation of friction upon a level is ri^ of the weight 
inoved ; but the rise of Rainhill and Sutton being ^V^ ^^^ 
resistance of gravity is nearly double that by friction. 
Accurately it is thus: — 

2340 lbs. divided by 180 gives for frictidn of 

Iton 13.441bs. 

2240 lbs. divided by 96 gives for gravity of 

1 ton on rising 1 in 96 ; 23.331bs. 



The whole resistance to 1 ton on Rainhill is therefore 35.77 lbs. 

or say 35^ lbs. 
And the resistance to 10| tons, the weight of Engine, 

&c. is 375A lbs. 
But the power of the Engine at 10 miles being (by Note 
A.) 375 lbs., it is evident that an Engine will just move 
its own weight up the hill at IQ miles per hour, and con- 
sequently an additional number of Engines could do no 
good, as the weight of each would be its load. Either 
therefore the power of the Engine must be increased, or 



\1 



10 

the speed diminished, or some other plan be devised for 
the planes. 

The objection to increasing the power is, that it would 
be forcing the Engine beyond its regular work, which it is 
desirable to avoid to so great an extent, for it would re- 
quire two Engines, each 18 horses' power (see note E.)) 
to raise themselves and 13 tons of goods up Rainhill at 10 
miles per hour. Whatever may be done for a short length, 
or for an experiment intended to show what an Engine 
can do, I think it impossible to recommend such a system 
upon a road which is to unite the various advantages you 
state. 

If again we reduce the speed, say to 5 miles per hour, we 
shall have half the Engine's power applicable to goods 
and carriages, the other half being required for its own 
weight and friction. (See note F.) 

In this way, if we suppose the Engine, with 20 tons of 
goods and waggons, to arrive at the bottom of the planes 
from Liverpool or Manchester at the rate of 10 miles per 
hour, it will require another Engine of the same power 
to go up the plane at 5 miles per hour, and will occupy 
18 minutes in ascending. Or, if 8 miles per hour be the 
standard of travelling, the Engine would then take 27 
tons of goods and waggons upon the level (see note G), 
would require the assistance of another Engine of the 
same power to ascend the hill, with a speed of 4| miles 
per hour (Note G 8), and would occupy 20 minutes in as- 
cending. 

It would consequently be doing an injury to the loco- 
motive system to apply it to this work, for which it is evi- 
dently unfit. However good it may be in itself, it has its 
limits, and an ascent of 1 in 96 is beyond them, where the 
length and requisite speed are so great. 

We therefore had recourse to the stationary system as 
the assisting power to the loco-motives upon the planes. 
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and found that it would be necessary to.have two Engines 
of 50 horses at each end of Rainhill to do the required 
work, and that the loco-motive Engines also should accom- 
pany their load up the hill to assist in taking down the 
rope, which we found the empty waggons alone could not 
do with the necessary speed. To give 9 miles clear per 
hour, the speed of the waggons while in motion upon the 
planes will require to be 12 miles per hour. The 1| 
mile, that is, the length of the plane, will therefore 

take • 7| minutes, 

and the stoppage for changing, &c 9| minutes, 

making 10 minutes, 

or six journeys per hour, or if ten working hours, say 60 
journeys per day ; and 3000 tons being to be passed in each 
direction daily, the load for each journey will be 50 tons, 
goods and waggons, or say 52 tons, which will require the 
power stated. (See note H.) 

We have now therefore to add the annual cost of the Loco-mo- 
fixed Engines to the sum already stated for the loco-mo- mate. 
ti ves, viz. to £37,456 2 

The expense of stationary Engines, with Annual 

ropes, &c. as detailed in Note I. is per 
annum 5,013 6 

Crossing upon levelof way £120, of which 
the interest is 6 

And for annual expenses of water-sta- 
tions, as detailed in note K 922 10 

Duplicates of Engines £400 

Duplicates of ropes, 18 tons 
17 cwt. 16 lbs. at £51 961 14 3 

Signals •.. 100 

£1461 14 3 



Carried forward £43,397 18 
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Brought forward £43,397 IS 
This sum (£1461. 14s. 3d.) considered as 
a necessary additional capital for arti- 
cles, of which the deterioration is al- 
ready accounted for, makes at 5 percent. 73 2 



The interest of capital and annual ex- 
penses of the loco-motive system is 
therefore ,..£43,471 



This sum is exclusive of the expense of working the 
Liverpool Tunnel, which (as was premised) is supposed 
not to be affected by the plan that may be thought most 
desirable upon the line generally, and exclusive also of 
the wear of rails by the Engines travelling upon them. 

To reduce this to a rate per toa per mile, we have 4000 
tons moved 30 miles per day for 313 days, or 37,440,000 
tons moved one mile for £43,471, which is at the rate of 
•S787, or about is of a penny per ton per mile. 



Cftpitol re- As the amount of capital necessary under each system is 

also a proper subject for consideration, I shall, before 

proceeding to the stationary, state the sum requisite upon 

the loco-motive plan : — ^ 

It comprises 123 Engines & tenders,at £600, £73,800 

Engines for Rainhill & Sutton (see note I.) 9,190 

Duplicates for same and machinery, as above 400 

Ropes for Rainhill, deducting old (see 

notel.) 792 

Duplicate ropes, as above • 961 14 3 

Cost of iron crossings 120 

Signals for Rainhill and Sutton 100 

Ten .water-stations at £560, (see note K.)* 596OO 

So that the requisite capital is. . • .£90,963 14 3 
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The expense of the stationary dystem comes next to be stationary 

.. .J Estimate. 

estimated. 

Preparatory to this we considered the space between Number 
the Liverpool Tunnel and the foot of Rainhill plane, Eng^ei.^^ 
about 6 miles in length, to be divided into 4 spaces, each 
1| mile long ; the ascending and descending planes each 
to form one stage ; the 2 miles level upon Rainhill two 
stages, and the 19 miles, from the foot of the plane to 
Manchester, to be divided into IS stages of 1| mile each, 
and one stage of one mile nearest to Manchester. The 
speed of the waggons, while in motion, we supposed IS 
miles per hour ; consequently the If mile stages would be 
performed in 7| minutes, and if 2| minutes be allowed for 
stoppages and changing ropes, the rate from one extre- 
mity of the line to the other would be 9 miles per hour, 
which, when allowance is made for taking water, coals, 
&c., is about the clear rate at which we have estimated 
the loco-motive Engines. We have supposed the. recipro- 
cating plan upon the principle of the Brunton and Shields 
way to be adopted, and that the weight of the goods and 
waggond forming the train is 52 tons, as we before calcu- 
lated for the inclined planes. 

The power to be applied to move this weight upon the 
level will be,26 horses in each direction ; — this we calcu- 
lated at 90 horses, making thus two dO-horse Engines at 
each end of the mile and half stages. (See note L.) 

The calculation upon the loco-motive system showed 
that two 50-horse Engines at each end were sufficient to 
work the Rainhill and Sutton inclined planes ; but as the 
Engines will now, in addition, have to draw the waggons 
towards them for a mile upon the level, an increase of 10 
horses' power ha& been made to each Engine, making two 
60-horse Engines to each station. 
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An additional power of 90 horses to the Engines at the 
head of the Liverpool Tunnel also is applied to draw the 
waggons towards it, and two 13-horse Engines are calcu- 
lated for the Manchester end, the work of both extremes 
being in one direction only. 

From the descent of the Rainhill planes, and the two 
stages upon the hill being only one mile long, two En- 
gines of 20 horses each are sufficient in these situations. 
The estimate of the two 12-horse Engines 

at the Manchester end is (per note M.) £1725 
Fifteen stations with two 30-horse Engines 

at each, at £3500 (per note N.) 52,500 

Upon Rainhill and at the foot of the 
planes, three stations each with two 20- 
horse Engines, at £2710 (per note O.) . 8130 
At the top of the two planes two 60-horse 

Engines to each (per note P.) 10,000 

At the top of the Liverpool Tunnel 30 

horses additional power 2000 

Amounting to 74,355 

PuUies for two lines, each 29| miles long 
8 yards distant. No. 13,090 at 15s. in- 
cluding fittings 9817 10 

Extras to foundations of Engines and En- 
gine-houses in Chat Moss 3000 

Making capital for Engines £87, 172 10 



Stationary 
Estimate. 

Annual 
Expense. 



If- 



Interest at 5 per cent, and depreciation 

at If per cent, on capital of Engines 

and Buildings as estimated, or 6| per 

cent, in all upon £87,172. 10s £5,666 4 3 

Repairs, Coals, and working expenses 

(seenoteQ.) 11,257 15 8 

Carried forward £16,923 19 11 
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Brtm^tanmd....£l&fitS 19 11 

Rope ml -rfr ^f * po*7 pcrtcA per nle, 
upon 4,000 iMmm cosTeyed 87 ■ilm per 
day,for31Sdmy9 11,232 

Ropes lor RainliiH mmd Sutton inclines 
(ssme as npm loco-motiTe srsteai, de- 
tailed in note I.) 3^15 12 

Rope fiir tail-rope on Jt^inlini and Sut- 
ton planes, at tIv of a penny per ton per 
mile, upcm 400 tons conveyed 3 miles 
per day, for 312 days ^ 312 

Spare rope — interest upon value (see 
noteR.) 219 15 

Sundry other expenses and charges as 

detailed in note S 1,291 4 6 

Making the total of working the station- 
ary Engines, with interest upon capital JC33,29I 11 5 

This sum divided by the number of tons, as in the loco- 
motiye system, makes the rate per ton per mile ^134 of 
a penny. 

The capital emplbyed in this case will be as follows : — nqiUlte. 

Engines as above £87,172 10 

Duplicates for same (see note S.) 1,354 

Ropes £4,395 (see note R.) and £792 (see 

notel.) 5,187 

Cast-iron crossings 300 

Store ropes £5,336. 16s. 8d. (see note R.) 
and £961. 148. 3d. (per loco-motive 

estimate above) 6^298 11 

Signals *•• 550 

Making total comparative capital . • . .£100,862 1 



^ 
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Compari- To bring the whole under one view, I shall here state 
mates. . the results together. 

The capital necessary for the various 
articles stated for the loco-motive 
systemis £90,963 U 3 

And for the stationary.' 100,862 1 

Difference in favour o^ the loco-motive 
plan £9,898 6 9 . 



The interest of capital and annual ex- 
pense of the loco-motive system is . . £43,471 
And of the stationary 33,294 11 5 

Leaving a difference in favour of the 
stationary plan of £10,176 8 7 



• 



The rate per ton per mile upon the lo- 
co-motive principle is 2787 of a penny. 

And upon the stationary plan •«..:• .2134 of a penny. 

Making an excess of expense per ton 

per mile of. 0653 of a penny , 

by the loco-motive system, or the comparison of annual ex- 
penses is nearly as 7 to 9 in favour of the stationary system. 



It is proper here to observe, that as the object of our 
labours was chiefly a comparative estimate, we have not 
included any general superintendence or contingent ex- 
penses, as these are supposed to be equal upon both prin- 
ciples ; nor have I thought it necessary to calculate for 
the greater trade at the Liverpool end requiring a greater 
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power of stationary Engines than that at the Manchester 
end, as this does not affect the aggregate expense. The 
allotment of power would have made the reports still 
more complex, and although this will be an important 
consideration previously to resolving on the power of 
each particular Engine, the average appeared sufficient 
for our present purpose. 



Having thus brought the question of expense to a point, Opinions 
I can readily anticipate a difference of opinion as to the \l\i, ^~ 
correctness of the result from those who may have pre- 
viously arrived at different conclusions, and may there- 
fore have been led to prefer the one system as being much 
cheaper than the other. 

The principal points of difference are likely to be : — 

First — As to the quantity of work which the loco- 
motives are capable of performing. 

Second— As to. their consumption of fuel. 

Third — As to the repairs they may require. 

Fourth — As to the friction of the ropes used in the sta- 
tionary system. 

Fifth — As to the expense of ropes per ton of goods 
conveyed. 

I shall therefore state generally the reasons for our 
conclusions on each of these points. 



First— As to the power of the loco-motive Engines. Power of 

Loco-mo- 



We have calculated them at 10 horses, including the 
power for moving their own weight, which employs 
nearly the exertion of one horse's strength when going at 

c 



tiveg. 
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the rate of 9| miles per hour, and therefore reduces the 

' ______ 

effective or disposable power to 9 horses. We consider it 
more accurate thus ta state the power of the Engine, the 
proportion of it necessary for propelling the machine 
varying with every degree of speed and inclination, until 
the dead weight requires the whole exertion of the moving 
power to draw it along, as we found to be the case upon 
the Rainhill and Sutton planes at 10 miles per hour. 
Now as it has for the last fifty years been agreed in ex- 
pressing the power of a steam Engine by horses^ power, 
to take the power of one horse at 33,000 lbs. raised one 
foot high, or 150 lbs. raised S20 feet high, in a minute, or 
at the rate of S| miles per hour, there can be no misap- 
prehension as to what the power of a 10-horse Engine is. 
And it is almost as well agreed that the resistance of a 
well-constructed Edge Railway is upon a level rhp of the 
weight moved, or about l^i lbs. to the ton. The effect of 
gravity in moving upon inclined planes is still more uni- 
versally agreed, and is an abstract question altogether 
independent of experiment. On all these points, there- 
fore, there can be but little difference. But it may be 
said that a more powerful Engine can be used. It may 
so, and probably a IS or I3-hor8e Engine, upon six 
wheels, may be found to suit better ; but if the cost and 
weight of the machine and its carriage, and the consump- 
tion of fuel be increased in the proportion of the power 
(and this I deem requisite), no advantage, so far as re- 
spects the calculation, will be obtained. The limit is the 
size of the boiler, the cylinders of the Engines being 
generally capable of doing more, if the boilers would 
supply the steam. The best criterion is experience, and 
in referring to the Engines now in use, the most accurate 
test is, not what they can do for a short time in an expe- 
riment, but what they really do in their regular work. 
We therefore brought into a tabular form (see note T.) 
the result of the information we had respecting some of 
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the Engines on the Darlington way — one, which is very 
powerful and weighty, constructed by Timothy Hack- 
worth, the machinist upon the line — the others, I believe, 
made by Mr. Stephenson of Newcastle. It was stated to 
us that the summer work of Hackworth's Engine is 24 
empty waggons from Stockton towards the pits at df miles 
per hour, and the winter work 20 waggons at the same 
speed; the other smaller Engines take 20 waggons in 
summer and 16 in winter, at 5 miles per hour. By re- 
ducing the work to a level, the former at the rate of 10 
miles per hour, appears by the table to draw of goods 
only, 

in summer 17| tons, 

in winter 14|tons; 



The average being therefore .... 16| tons. 

The smaller Engines, in the same way, do what upon a 
level would be equal to, 

in summer 13^ tons, 

in winter 10^ tons ; 

Making an average of. • 12 tons nearly. 

Now this is with their ascending train of empty wag- 
gons, which is the heaviest work they have to do, owing 
to the descent of the way with the loaded waggons ; they 
consequently do this work only half the time. But the 
basis of our calculation is 13 tons of goods conveyed, 
summer and winter, in both directions, which therefbre-4s 
more than any of the Darlington Engines, excepting 
Hackworth's. In the table, the work of the Engines is 
compared also at the speeds of 5 and 8 miles per hour. 

The result of an experiment we made with a very good 
Engine at Killingworth proved that, for a short ascending 
length, it did nearly the work of IS horses; but this was 
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followed by an inclination in the opposite direction, in 
which its work was 7 1 horses; upon a level of about a 
mile,' where the way was very much out of repair, it did 
nearly 11 horses. The Engine was, I think, travelling 
beyond its average speed, as is usually the case when ex- 
periments are being made; but even at this last work it 
would only- carry 16 tons 'of goods at 10 miles per hour. 
The Engine was stated to be of 8 horses' power, exclusive 
of its own weight, say gross power 9 horses, and I believe 
this to be what it is fairly capable of doing. 
'' Mr. Sinclair's detail of an. experiment with. the new 
Engine upon the Bolton way, when with 13 chaldron 
waggons, each about 73 cwt. it travelled for li mile at 
8-fjf miles per hour upon a- rise of. 1 in 433, makes the 
power to have been upon that occasion nearly 24 horses. 
Were this to .be t^ken as the work which the engine is 
capable of continuing, it would (see note U.) take 41 tons 
of goods upon the Liverpool way at 10 miles per hour; 
but no one estimates the power of the engine at 24 horses, 
so it/is impo^siBle to calculate upon the above as a basis 
for your work. In the same letter Mr. Sinclair states, 
that the engine usually takes 7 or 8 waggons, ^^ that num- 
ber being most convenient," at 6 miles per.hour: taking 
eight as the number, this would (see note Y.) be the work 
of an ll-horse Engine, and upon your way is equal to 15^ 
tons of goods 'at 10 miles per hour, whidh I apprehended 
to be the practical^ faiVy every-day wort of the Engine, 
and all beyond this is of value only to show how much the 
Engine can do, just as a horse may be made, for a short 
space, to do twice the work he is capable of continuing 
without injury. As there is no lock-up safety-valve to 
this Engine, and as the valve is fixed down while the En- 
gine is in motion, it was, I presume, impossible to ascer- 
tain the sti'ength of the steam at the time of the experi- 
ment to which I have referred. 
Mr. Robert Stephenson has reported to us an experi- 
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ment with Hackworth's Engine, winch I prefer, because 
that Engine has a safety-valve, which, although not quite 
out of the power of the Engine-man, is stated by Mr. S. 
to have been at liberty at the time. 

It appears by this experiment, that the Engine took 
4S{ tons of goods 2500 yards, upon a rise of 10 feet in a 
mile, and returned down, being equal to 5000 yards upon 
a level, at the rate of 11 y\ miles per hour, and that the 
steam was blowing off when the experiment concluded. 

I state the preceding as it has been given to us — Hack- 
M'orth's Engine is undoubtedly the most powerful that has 
yet been made, as the amount of the tons conveyed by it, 
compared with the other Engines, proves: — the boiler is 
longer, with a returned or double flue; there are six 
wheels, and the weight is increased nearly in the propor- 
tion of the power. Mr. Stephenson's report states the 
consumption of coals to have been lyVlbs. per ton per mile, 
which is less than the average of former results, and pro- 
bably the steam may have been lowered during the experi- 
ment, which being for so short a time (about a quarter of 
an hour) is not better evidence than the regular work of 
the Engine which has been detailed, — and as Ihe Engine- 
men are paid per ton for the work they do with the Com- 
pany's Engines, there is reason to conclude that they work 
them to the best advantage. 

I have reasoned upon the Engines generally in their 
present state, but it is proper to aay that improvements 
have, since my survey in 1824, been made in them, and 
that the attention at present bestowed upon the subject 
will in all probability still do much for them. The En- 
gine made by Mr. Rastrick is different from that by Mr. 
Hackworth in the form of the flue and otherwise; Mr. 
Stephenson's is different from both, and every new Engine 
he makes, differs in some respects from the one preceding 
it. — Since 1824 the diameter of the wheels has been in- 
creased, wrought iron tire substituted for cast, spring 
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safety- vaWes hare been introdaced, and the Engine itself 
is support^ upon a spring carriage. I think all these 
decided and great improTements, and in estimating the 
question generally it is fiiir to anticipate others. It is true 
that improTements in the stationary system may also be 
expected, but not, I should say, to the same extent. 

From the account of work by the Hetton Engines we 
find that they are doing less than the others, owing, as we 
have calculated, to the rise in one part of their journey 
being too great for their adTantageons application. By 
the detail (see note W.) it will be seen that the work of 
those Engines is upon the Ldrerpool way equal to only 
10 tons of goods at 10 miles per hour. 

The slope of the Middleton road is well adapted for 
loco-motiTe Engines, descending loaded and ascending 
empty the average fall being 1 in 440, which makes the 
load in each direction very nearly the same. Mr. Blen- 
kinsop rates his Engine at 6 horses, and by calculation we 
find that the work done while in motion, with dO waggons, 
is 6| horses descending and 6tV horses ascending. 

Upon the whole, therefore, I am satisfied that the work 
we have stated for the Engines is as great as ought fairly 
to be calculated upon, — and I have gone the more into 
detail that you might be in possession of the principal 
facts upon which our calculations are founded. 

I think it unnecessary to say more respecting the slip- 
ping of the wheels, than that it does not appear to form 
any ground of objection upon your line, when the weight 
to be taken is considered. The liability to slip is much 
lessened by the introduction of spring carriages for the 
Engines. By an experiment we made upon a very irre- 
gular part of* the Killingworth line it was satisfactorily 
proved, that with 48 tons of goods and waggons there was 
no slipping. 
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Second— 'As to the consumption of fuel by Ipco-motive Consump. 
Eng^ines. . ^«jOf 

This article is so cheap in most places where loco*motive 
Engines are in use, that it is not customary to keep any 
accurate accounts of it, and the objections to a short ex- 
periment are evident. 
The average of the experiments made at Het- 
ton and Killingworth in January, 18S5, 
gave for one ton of goods conveyed 1 mile 

upon a level at 4^ miles per hour • . 2.15 lbs. 

Mr. Blenkinsop^s account at first made the 
quantity about 4 lbs., but an explanation 
since, confirmed by the statement of the ' 
Engine-man, reduces the consumption to.. S.70 „ 
The Hetton account of the present Engines, 
reduced to a level at about 4 miles per hour, 

is upwards of .••• : 3«00 „ 

The Hetton account of the Engines when 

upon the line near Sunderland is 3.00 „ 

Mr. R. Stephenson's report of the experiment 
upon the Darlington line, already referred 

to, at 11 miles per hour 1.60 „ 

But the account most to be depended upon from the 
length of time, and the accuracy with which, from its ob- 
ject, we may suppose it was kept, is that which has been 
furnished to us by Mr. Storey, Surveyor of the Darlington 
and Stockton line. The Company's view was to ascertain, 
without the knowledge of the Engine-men, the actual 
consumption of fuel, in the use. of which (knowing that 
the men pay^ as was before remarked, for the coals they 
burn) we may reasonably infer that they study eco- 
nomy. 
It appears that 298 tons of coals were used by the four 
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Engines during the months of May and June, 18S7, and 
that the work done in that time was equal to S49,839 tons 
of coal conveyed one mile upon the way. This is equal 
to S.16 lbs. of coal per ton per mile, but as the coal was 
also employed to bring back the empty waggons, it became 
necessary to reduce the inclination to a level, and to sup- 
pose the Engines to have done work in both directions, 
which we did, and the result gave 9.8 lbs. of coals per ton 
of goods per mile. These quantities do not include the 
fuel required for heating the water at the water stations, 
and generally it is coal of a quality superior to that which 
will be used upon the Liverpool road, but the quantity is 
nearly six times what is necessary for a fixed Engine of 
the same power. As however the improvements in Mr. 
Rastrick's and Mr. Hackworth's boilers, to which I have 
already referred, will cause a saving of fuel, and as Mr. 
Stephenson's attention is at present directed to the same 
important subject, we may confidently expect that a re- 
duction of expense on this point will be effected. We 
therefore fixed upon S| lbs. per mile (which may be equal 
to about S lbs. of Newcastle coal), and our calculations 
are formed upon^this standard. 



Annual Third — As to the anntuil cost of loco-motive Engines. 

cost of 
Loco-mo- 

tiTes. ^^y difference of opinion on this point is likely to be 

confined to the quantum of repair ; for as to the original 
cost and men's wages in working them there can be but 
little ground for speculation. On the other heads we 
"^r have formed our own judgment, and we find that the de- 

tails furnished by Mr. Wood of Hetton and by Mr. Blen- 
kinsop, are both above our estimate ; but in this, as in other 
points, experience will induce a saving. I may instance 
the use of wrought-iron tire, as well as the great difference 
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in the quality of this metal : one set of tire had worn out 
in ten weeks upon the Darlington way, while upon the 
Killingworth the Engine with which our experiments 
were made, had a tire which had been twelve months in 
usO) and the effect was scarcely perceptible. 

We have supposed that of six Engines jfive may be con- 
sidered as always at work and the sixth under repair, 
which I do not think is by any means overstating the 
number necessary. 



\ 



Fourth— As to the ^'cfidn oftht ropes in the stationary ^""^^^^ ^^ 
system. 

Upon this we had some difficulty in obtaining satisfac- 
tory data. The friction of a wheel carriage upon a Rail- 
road we have taken at ri? of its weight ; but in the present 
case the number of sheaves to be moved compared with 
the weight, the irregular surface of the rope, its rigidity 
or stiffness in winding upon the barrels, and the friction 
of the drums themselves, make the aggregate of resist- 
ance much greater. 

If the rope be taken at per yard «••• 4 lbs. 

A second length of rope upon the drums will 

be also • 4 „ 

The drums themselves will be equal to S.6 ^ 

And the pulleys to 4 „ 

Making the total weight per yard 14.6 lbs. 

If the friction therefore be taken at ^^ of the mass^in 
motion, it will be about -^ of the weight of rope, taking 
the rope in one direction only or at 4 lbs. per yard 
(180x4^14.6=60.) 

The results upon the Brunt on and Shields way are very 
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different from each other — In some the estimated power 
of the Engine is not sufficient to take the load independent 
of the rope, while in others it leaves a large surplus : — 
where the former is the case, it is evident that the En- 
gine's power has been under-rated, which we found it 
generally to be on this line. In two of the planes where 
empty waggons are taken by gravity, we found (see note 
X.) the friction of the rope, as nearly as possible, ^ of its 
weight. These, I think, ffood data. 

Mr. R. Stephenson has reported an experiment upon 
the Darlington road, by which the friction was ^V of the 
weight. This was also with the empty descending 
waggons. 

Mr. Thompson's own idea is much under any of the 
above results. 

I think that ^7 of the weight of the rope, in one direc- 
tion, may be taken for its friction, and that of the drums, 
sheaves, &c. ; and if to this be added tW of the other length 
of the rope, the result will.not be far from the truth, and 
the strength of the Engines is calculated to be quite equal 
to this. 



Cost of Fifth — As to the cost 0/ ropes. 

Ropes. 

This being a most important item in the fixed system 
has occupied much of our attention, affecting as it does 
very materially the relative economy of the two systems. 
It will be seen by reference to the annual charge that 
ropes alone amount to upwards of £11,000 per annum, or 
about one-third of the whole expense. 

Upon this subject experience of course is the only 
guide, i^nd Mr. Thompson's experience is by far the 
greatest upon the reciprocating system. From an account 
kept by him, apparently with great accuracy of detail. 
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'' the mean average cost of ropes has been found to be 
yH^ of a penny," or ^ of a penny nearly. The declination 
of the way being in the direction of the loaded waggons, 
and there being in some cases no taU-rope^ are both fa- 
vourable to this line as compared with a horizontal road ; 
but as here the waggons are drawn back empty, the cost 
per ton of goods, as compared with the Liverpool and 
Manchester line, is increased. 

Mr. Story reported to us, that the ropes upon the Brus- 
selton inclined planes cost, by an account kept by him, 
one farthing per ton upon all the coal conveyed over 
them. We have by calculation reduced this to a horizon- 
tal surface, and find that it would be rffir? oi* under ^0(9, 
penny per ton of goods per mile, exclusive of the wear of 
tail-rope. (See note Y.) 

The reciprocating system being applied, on the lower 
part of the Hetton road, Mr. Wood has informed us, that 
301,800 tons of coal were conveyed over a distance of 2| 
miles for an expense of £780 in ropes. By reducing this 
to a level, and to suit our case, we find the cost to be -1^ of 
a penny per ton per mile, which very much exceeds either 
of the former results. We believe the Coal company pay 
a price per ton to the rope-maker upon the quantity of 
goods conveyed. 

After fully considering this important subject, in all its 
bearings, we fixed upon tItt of a penny per ton of goods 
per mile, dividing it into r^ for the head-rope and rf? for 
the tail-rope. 



In a matter of so great consequence I have thought it 
proper, to be thus particular, at the risk of being tedious ; 
and having now discussed what you very properly call the 
^^ primary object," I proceed to the investigation of the 
other subjects referred to in your instructions to us. 
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iBjvy to Tou enquire,--^^ Haw far the injury which tmay he done 
*^* ^ 6y locfh-maUvt Engines is Wtely to occur to the Idver- 
^ pool and Manchester FaU-road?'' 

f 

My opinion is, that the injory to other ways arises 
chiefly from the want of sufficient weight in the rails, 
fit>m the blocks being too small, and from imperfect 
foundations, but that as great care appears to have been 
taken to guard against these evils upon your line, there is 
no injury in the way of breaking or bending to be a^pre* 
hended, unless perhaps on Chat Moas, or upon' the em- 
bankments formed of the moss or other soft material, and 
that will be only until the foundations become consoli- 
dated. This opinion is of course given with limitation as 
to the weight of the Engine and water in the boiler, 
which we have calculated as not exceeding 8 tons. If an 
Engine like Hackwork's or Mr. Stephenson's heavy one 
be used, we conclude it will have six wheels like them. 

It is proper also to state, that the loco-motive Engine 
has to be debited with the wear of the rails in even a 
greater proportion to its weight than the goods and wag- 
gons, owing to the greater load upon the wheels, and the 
vibration caused by the working of the Engine. In the 
account of annual expense no sum has beei| charged for 
any wear of the Railway. 



Wetr and « 7^ weoT and tear qf waggons^^ is the next point to 
Wai^oDs. which you refer, and on this I cannot do. better than 
quote from Mr. Storey's letter on the subject, especially 
as it is the Darlington waggons you state to have suf- 
fered so much. 

^^ The destruction of the waggons," says Mr. Storey, 
^' (for it is not wear) occasioned by the Engines, compared 
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^' with that by horses, is much more by the former than by 
^' the latter. The principal parts damaged are the bot- 
^' tom framing and axles. The cause I conceive to be the 
^' sudden jerks at starting and stopping, the frequency of 
" one, two, or even three waggons getting off the way at 
'^ the turn-outs or pkss-byes, and their being trailed a 
^^ considerable distance before the Engine-man sees it, or 
'' the Engine feels it so perceptibly as to inform the man 
^^ that she has something more to do; and also when pass- 
^' ing the sidings very frequently the switches get de- 
^^ ranged ; the Engine going from 6 to 8 miles per hour, 
" the waggons are thrown out of their proper direction, 
^^ when a twist takes place on the waggon framing, and 
^' with the sudden stopping of such a train at that 
^^ speed, causes very great destruction to every part of the 
" waggon." 

It may be added to Mr. Storey's observations, that as 
the speed with Engines is greater than with horses, the 
injury is also* greater in case of any irregularity.- The 
curves lipoh ways are also injurious to waggons by the 
greater friction they occasion. From the Darlington 
line falling in the direction of the load, the momentum of 
the loaded waggons tends to increase the damage, in case 
of any accident upon that part of the line. 

The straightness of your line, the strength of the rails, 
and the way being nearly level, except at the inclined 
planes, are all favourable for the waggons, when com- 
pared with the Darlington. Indeed I think that almost 
the only probable cause of injury to the waggons with 
you will arise from the sudden stoppages ; but this may 
be much lessened by the introduction of a bent iron act- 
ing as a spring at the end of the waggon, to ease the 
effects of blows from the concussion with the other wag- 
gon before and behind. 
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Accommo- As respects the " accommodation to the public^^^ 

dation to * x- 7 



Pablic. 



Our opinion is, that it may be given by either system, 
so as to leave no reasonable ground for complaint or 
dissatisfaction, either in the direct conveyance from end 
to end, or in the taking up or delivering of goods and 
passengers at the intermediate places. 

Each system has its peculiar advantages. 

By the loco-motive the train may be stopped at plea- 
sure; but as the grand object will be despatch between 
the extreme points, the stoppings should be at the fixed 
stations only, where goods could be delivered, and pas- 
sengers set down. In the loco-motive plan, this would 
be done by sidings at proper distances^ and this system 
has the advantage, that the stopping of any single train 
might be longer or shorter without detention to the ge- 
neral traffic. 

Upon the stationary system there would be sidings also, 
where carriages and waggons might draw ofi^, and when 
ready to start again they would return to the main line; 
but being there, they must proceed at the uniform speed, 
for as there would be a general sympathy throughout the 
whole line, the stoppage or delay at any point would 
affect the whole. This is a disadvantage of the stationary 
system. 

The probability of accident. upon any particular part 
of the system is, I think, less with the stationary than with 
the loco-motive; but in the former the effects of an acci- 
dent extend to the whole line, whereas in the latter they 
are confined to the particular Engine and its train, unless 
they happen to obstruct the way and prevent others from 
passing. The one system is like a number of short un- 
connected chains, the other resembles a chain extending 
from Liverpool to Manchester, the failure of one link of 
which would derange the whole. 
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The loco-motive En(|^ines would follow each other at 
the average interval of about 4 minutes, and at two-thirds 
of a mile distance. 

It will require some exertion to methodize the sta- 
tionary system, and some experience to work it properly, 
but the knowledge that it is necessary to be regular and 
careful will produce a corresponding anxiety and atten- 
tion in all concerned, and in time the operation will be- 
come almost mechanical. There are about twenty changes 
of horses in the mail between London and Liverpool, a 
stoppage at any one of which influences the whole; re- 
verting to our metaphor, the chain here extends for two 
hundred miles, and notwithstanding the various chances 
of accidents and delays the mail generally arrives about 
the proper time. 

The most probable cause of delay will be from the 
ropes breaking. It is rather remarkable, that when we 
were upon the Hetton way, one of the ropes broke in two 
places, I believe through carelessness, and delayed the 
train about an hour. Also while we were upon the 
Brunton way some delay in the descending took place 
through a few of the waggons getting off the road, a 
switch having been left in the wrong direction. 

The stoppage of 3| minutes at each stage for changing 
the ropes will give an opportunity for passengers and 
waggons to join, if the load be not already complete. 
The waggons going in opposite directions will meet at 
the stations, and by the proposed method there will be no 
delay but for the two minutes and a half. This can be 
effected by the trains crossing from the one line to the 
other at each station* (as shown by the diagram), by 
which both lines of road will always be occupied, and 
each Engine always drawing two trains, one in each direc- 

* In his report, Mr. Rastrick states that the plan of crossing was 
ttrack out by him, which is correct. 
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tion, towards it, while in the meantime the two other 
ropes belonging to the same Engine will be going out as 
tail-ropes to the two trains that are moving in each direc- 
tion from it. The journey from Liverpool to Manches- 
ter will thus be made in three hours and a half with both 
goods and passengers. As the stations are a mile and a 
half apart, the greatest distance to a station can never 
exceed three quarters of a mile. 

If the switches or tongues of the rails be made with 
^rings, they will act without any interference or care 
from the attendants being necessary. This will remove 
in a great degree the evil of crossings, and there being 
two barrels over each line of way, the motion of the En- 
gine need never be changed. 

As the mechanism of this is not easily ejcpressed so as to 
be intelligible either in words or by a drawing, I have 
ordered a model to be made, which will, I think, answer 
the purpose better. 

The crossing of roads upon the level of the Railway is 
more objectionable with the stationary than with the loco- 
motive system. Had the plan been fixed before the 
levels were formed, this might probably have in many 
instances been avoided, by making more of the crossings 
over or sinking them under the level of the Railway, and 
with some it may not be too late even now. Mr. Locke 
has reported to us thirty roads (chiefly for accommodation) 
upon the level of the Railway in the whole line. 

By the Engines working with what are technically 
called yWctum clutches j or with yHcf ion drums (hy which, 
in case of stoppage, the Engine goes on without carrying 
the rope-drum along with it), by having careful men to 
accompany the trains with powerful brakes, by connect- 
ing the head and tail ropes together under the train, by a 
contrivance instantly to disengage the train from the 
rope, and by proper signals of approach, any chance of 
accident to persons or cattle crossing would be very much 
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lessened ; but as the loco-motive Engines can be backed, 
and the waggons consequently stopped more expedi- 
tiously, they are so far safer in this respect. 



You inquire particularly as to the ^^ comparative safety safety. 
" of the two modes.^^ 

As a general answer I should say that the stationary is 
the safer, chiefly from the loco-motives being necessarily 
high pressure Engines, and accompanying the goods or 
passengers upon the way. I see no reason for changing 
the opinion 1 gave you in 1824 of the impropriety of fix- 
ing down the safety-valve, without having a lock-up valve 
out of the Engine-man's power. Within the last year 
two accidents occurred upon the Darlington way, in each 
of which a life was lost, and in both cases the safety-valve 
was fixed down. The Darlington Engines have since 
had additional spring safety-valves attached to them, by 
which the danger is much diminished; and Mr. Rastrick 
has to his Engine fitted an ingenious spring safety-valve, 
completely beyond the reach of the workman, which will, 
I doubt not, answer an excellent purpose. In your case, 
they would be indispensable, for any accident at the out- 
set, attended with loss of life or limb, would seriously 
prejudice the concern with the public. 

All the accidents that I have heard of have happened 
through the fire-tube bursting, and the steam blowing 
out the fire-bars, the hot water, &c. at the fire-door. 
Should you adopt the loco-motive system, the fire-tubie 
should be returned in the boiler, as in Hackworth's En- 
gine, so that the fire-place be in the end of the boiler, 
farther from the train. By these and the other means 
commonly in use, and by the careful and frequent exami- 
nation of the tubes, I think there could be but little dan- 

D 
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ger, as respects passengers or goods, to be feared — cer- 
tainly not so much as to be a sufficient reason for not 
adopting the loco-motive system, if in other respects it be 
thought preferable. 

I cannot, however, go so far as to say that there is 
no more danger with high than with law pressure En- 
gines ; for although it may be true, that if the boiler 
be made of strength proportioned to the pressure, a fai- 
lure in the one description is as likely as in the other, yet 
the effects of such an accident with a high pressure boiler 
are naturally much more terrible than with a low pres- 
sure — the one may be called an explosion^ often destroy- 
ing all around it — the other is generally confined to 
tearing the boiler, extinguishing the fire, and perhaps 
scalding the attendant, if close to the place. 

In using the general expression ^^ high pressure^'* 1 here 
refer to such a pressure as is necessary for loco-motiVe 
Engines. Upon the Brunton and Shields way the En- 
gines are high pressure, but only about half the pressure 
of the loco-motives. 



General Your next inquiry is, '' Whether goods and passengers 

conclusion, a ^^^5^ conveyed upon the two lines already provided, and 

'^ ifsoy by what system the desired object can be best at* 

'^tainedr' 

My opinion is, that with communications between the 
two lines, and branches from them at proper distances, the 
objects contemplated can be attained ; but that with two 
lines, the stationary system will, upon the whole, be the 
preferable, as the trains will always meet at the stations, 
and as there will consequently be no occasion for any 
turns out or breaks in the line, except at these places. 

With the loco-motive, a third line would be a great 
^dvantage^ as the Engines might then pass each other, it 
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going at different speeds, or in case of any stoppage or 
accident upon either of the main lines. 

Upon the consideration of the question in every 
point of view, taking the two lines of road as now 
forming, and having reference to economy^ despatch^ 
safety and convenience^ our opinion is, that if it be 
resolved to make the Liverpool and Manchester Rail- 
way complete at once, so as to accommodate the traffic 
stated in your instructions, or a quantity approach- 
ing to it, the stationary reciprocating system is the 
best ; but that if any circumstances should induce 
you to proceed by degrees and to proportion the 
power of' conveyance to the demand, then we recom- 
mend loco^motive Engines upon the line generally, 
and two fixed Engines upon Rainhill and Sutton 
planes, to draw up the loco-motive Engines, as well 
as the goods and carriages. 
Should the latter plan be adopted, you would of course 
only order such a number of Engines as you might see 
occasion for, both on account of saving expense, and to 
enable you to take advantage of the improvements which 
might be made ; with a view to encourage which, and to 
draw the attention of Engine-makers to thesubject, some- 
thing in the way of a premium, or an assurance of pre- 
ference, might be held out to the person whose Engine 
should, upon experience, be found to answer the best. 
The Rainhill Engines would at the same time enable you 
to judge of the comparative advantages of the two sys- 
tems, and if upon any occasion the trade should get be- 
yond the supply of loco-motives^ the horse might form a 
temporary substitute. 



About three miles of the Brunton and Shields way are Howe 

•■•i- Power 

wrought by horses, the expense of which Mr. Thompson 
finds to be equal to ^Vr of » penny 'per ton of goods per 
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mile upon a level road, and my calculation makes it y^^ of 
a penny ; but this is at the animal's best speed, or about 
Sf miles per hour. 

The Darlington company pay a halfpenny per ton of 
coal per mile, for the horse hire and driver ; consequently, 
they pay lOd. for every ton of coal that is led to Stockton, 
a distance of SO miles, but this also includes the bringing 
back of the empty waggons. The loco-motive Engine- 
men find coals, oil, tallow, hemp, oil for the waggons, 
and their firemen or assistants, for |d. per ton per mile. 
Now if finding and repairing the Engines be estimated 
at |d. (which appeared to be the opinion of the company's 
agents), there is a saving of ^ of a penny per ton per mile, 
by the loco-motive Engines, under this head ; but I ap- 
prehend that the damage to the rails upon the Darlington 
is greater than the expense of repairing the horse-track, 
and that the horse labour would be as cheap to this com- 
pany. This, however (like the calculation for the Brun- 
ton way above), is taking the horse at his most advan- 
tageous speed. 

At an increased speed the muscular exertion is so great 
that the effect of the horse is much reduced, and the ex- 
pense is so much increased, that if at 3| miles per hour the 
cost per ton per mile be taken at yVir ^^ ^ penny, it cannot 
at the speed of 6 miles, be taken at less than three times 
that amount, or l|d, and at 10 miles per hour, at not less 
than 3d. per ton per mile. (See Note Z.) 

Horse power for heavy goods at high speeds is therefore 
quite out of the question for a traffic such as you expect, 
while exclusive of the friction of the rope and drums, the 
stationary Engine costs the same price per ton of goods 
and waggons per mile at all practicable speeds, and the 
loco-motive varies from this only so far as its own weight 
forms a part of the load. If in one day the loco-motive 
be so loaded as to have performed a full day's work, and 
hiive travelled only 33 miles, and if on another day it has 
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moved over 66 miles, twice the quantity of power will have 
been employed to overcome the Engine's own friction on 
the second day that was on the first. The power exerted 
in every instant of time to overcome the friction being 
proportional to the space passed over, the Engine will, at 
a great speed, have less of her power to apply to goods. 
Thus, if an 8-horse Engine at 3i miles per hour take 41i 
tons, it will at the rate of 8 miles take only 13| tons ; 
but as it will travel a greater distance at the rate of 8 
miles, the expense per ton per mile is by no means propor- 
tional to the decrease of load. The expense per ton per 
mile being at 3i miles per hour equal to 3, that at 8 miles 
is about 4. 

I have thought it proper to say thus much, to give a 
general idea of the laws of the two steam systems and of 
animal labour. 



The only remaining question respects the Liverpool LWerpool 
Tunnel, the system for working which will be the same, 
whatever be the plan for the other part of the line, with 
this difference only, that with the stationary principle 
throughout the line, the Engines that work the plane in 
the Tunnel will require an addition of power to draw the 
waggons for 1| mile towards the Tunnel. If the loco- 
motives be unfit for the Rainhill and Sutton planes, they 
are of course more so for this Tunnel. I apprehend there 
can be no difference of opinion as to the kind of power to 
be employed here. We recommend two 60-horse En- 
gines, the speed 10 miles per hour, the gravity of the 
descending waggons being used to assist the ascending. 
(See Note A. 2.) 
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Grovndre- In conclusion, I beg to add, that when so great a 
quired. trade as 50 tons of goods and waggons despatched every 
ten minutes is contemplated, the Company would do well 
to embrace any opportunity that may offer for giving 
them an ample space of ground, particularly at the top 
and bottom of the Liverpool Tunnel, where they appear 
at present much confined. A considerable area will be 
required for the waggons to prevent any delay in starting 
from the two extreme points, and upon this much of 
the desired punctuality and despatch must necessarily 
depend. 

I am, Grentlemen, 

Your most obedient Servant, 



J. WALKER. 



Lime-Housey London^ 

7 th March, 1829. 



NOTES OF REFERENCE 



TO 



THE FOREGOING REPORT. 



Note A. Load of Loco-motive Engine. 

Horses* power for calculation of Engines, 33,000 lbs. per minute, or 
150 lbs. raised 220 feet per minute, or at 2i miles per hour; there- 
fore 150-7-4= 37.5 lbs. e= horse's power at 10 miles per hour, or 
375 lbs. for 10 horses, equal to friction of 30 tons (taking friction 
At Tiir of weight), say then 30 tons. 

Deduct weight of Engine, Tender and Water lOJ „ 

Leaves for goods and waggons 19i tons. 

Or 13 tons of goods, and 6i tons of waggons. 



Note B. Estimate of Repairs, &c. of Loco-motive Engine. 

A Tube and Chimney-breast every three years, or annually £12 10 

Occasional repairs to Boilers ..« 3 

New Chimney each year, and deduct old 7 10 

Set of Chimney-bars every two months 6 

Axles and Brasses, one set annually 10 

Wheels 36 

Tender, Carriage and Tank 2 10 

SmallRepairs 12 

89 10 

Add one-fifth for spare Engine 17 18 

Total £107 8 
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Note C. Coal for each Loco-motive Engiae. 

A lO^one Eagine will take 13 tons of goods 10 miles per hoar, and 
will go between Liverpool and Manchester three times each day — 
30 X 3 = 90 miles per day, and 13 X 90= 1170 tons of goods 1 mile 
per day by each Engine. 1170 tons of goods at Si lbs. of coal per ton 
per mile == t925 lbs. of coal per day, and S985 X 312 = 912,000 lbs. 
per year =380i tons, or say 382 tons of coal for each loco-motive 
Engine per year. 



Note D. Account of Working Expenses. 

Engine-man's Wages, at 21s. per week £54 12 

Boy to assist 26 

Coal (Note C.) 382 tons at 6s. lOd. (price given ns) Ill 8 4 

Grease, Oil, Hemp, &c 12 

Total £204 4 



Note E. Loco-motive Engines for Rainhill and Sutton inclined planes, 

at 10 miles per hour. 

10-horse Engine apdn these planes can draw lOi tons at 10 miles per 
hour (by text of Report). 

13 tons of goods = 19i tons of goods and waggons. 

If lOi tons, weight of one Engine and Tender require. • 10-horse power. 

Another Engine without tank or water carriage; Si tons, 

will require 8 horses j 

And in the same proportion, 19i tons of goods and car- 
riages will require 18^ horses. 

Total power 36^ horses. 



Note F. Loco-motive Engines for Rainhill and Sutton, at five miles 

per hour. 

Horse's power at 5 miles = 1 50 -H 2 = 75 lbs., or for 10 horses, 750 lbs. 
Deduct gravity and friction of carriage 375 ^ 

Leaves applicable to load 375 Iba. 

376 lbs. -f- 35.77 lbs (resistance of one ton by text) gives gross 10} tons. 

Or goods only 7j- tons. 
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Note 6. Loco-motive Engine on level at eight miles per hour. 

Horse power at 8 miles = 150 X 2i<T- 8 = 47 Ibs.^ or for 10 horses, 
470 lbs. 

Then 470 -^ 12i (resistance of one ton) gives 37.6 tons. 

Deduct Engine, &c 10.5 ^ 

Leaves goods and waggons S7.1 tons. 

Or goods 18 tons, and waggons 9 tons. 

Note G 2. Time of Loco-motiye Engine on inclined Planes. 

27 + lOi -f 8i = 46 tons = weight of load and two 10-horse Engines 

(Notes G. & E). 
35.77 X 46 =1645 lbs.=total resistance to 20 horses. 
1645 H- 20 = 82 lbs.= exertion for each horse. 
82 lbs. : 150 lbs. : : 2i miles : 4} miles per hour. 



Note H. Fixed Engines for Rainhill and Sutton. 

52 tons or 116,480 lbs. -f- 96, the rise of the plane, gives for 

gravity 1218 lbs. 

Add 116,480 lbs. -^ 180, for friction 647 ^ 

Together 1860 lbs. 

Friction of rope = ^7 of its weight, or of 10,560 lbs 480 „ 

Gravity of rope = ^ of its weight 110 „ 

2450 lbs. 

2450 lbs. -f- 31 lbs. (power of horse at 12 miles) = 60 horses, or allow- 
ing for surplus power, say 2 Engines each 60 horses* power. 

Note I. Expense of Fixed Engines upon Rainhill and Sutton. 

Two 50.horse Engines for Rainhill, at £1500 each £3000 

Machinery and drum-barrels 300 

Engine-house and chimney 600 

Engine-man's dwelling 100 

Reservoir or well for water 100 

Pulleys, No. 330 for each line, or 660 for the two lines at 

15s 495 

£4596 
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Interest on £4595 at 5 fier cent £2il9 13 6 

General depreciation at li per cent 69 

Boilers, say 3 to last 12 years, difference of value £24 per 
ton=:£480 to be expended at the end of 12 years, equal 

to an annual expense of 13 4 

Fire bars annually 5 

Repairs to Engine and Machinery 35 

Oil, Tallow, Hemp, &c 20 

Wear and tear of Pulleys 25 o 

Coals equal to 80 horses working 12 hours 
per day, allow 15 lbs. of small coal per 
horse per hour, which gives for 312 days 
1872tons, at 28. 6d. (price given to us). . . . £234 
Add coal for raising steam, 377 tons at 2s. 6d. 47 2 6 

281 2 6 

Wages as follow -. — 

Engine-man £54 12 

Fireman 39 

Brakeman 39 

132 12 

Men to grease sheaves, one man to both planes, say for 

each plane 19 10 

Oil, 150 gallons at 2s. 6d. 18 15 

848 17 
Similar Engine and expense for the other plane 848 17 

1697 14 
Ropes; 4 ropes for these two inclines, each 

2640 yards long, 5i inches circumference= 

4 lbs. to one yard, each rope therefore 94 cwt. 

1 qr. 4 lbs. and the 4 ropes 18 tons 17 cwt. 

16 lbs. which at £42 per ton (being £51 less 

£9 for old ropes), gives £792 

Interest upon if 792 capital at 5 per cent £29 12 

Annual expense of ropes being for 4000 tons 

passed 8 miles daily for 312 days at-r^ of a 

penny per ton per mile upon a level, and 

adding for slope of 1 in 96, being nearly 

three times the wear upon a level 3276 

3315 12 

Making total «f 5013 6 
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Note K. Expense of Water Stations. 

A two-horse power Engine to each station £2(^0 

PumpSy kettle and machinery 100 

Engine-house and cistern 160 

Cottage for man 60 

Well or pond 60 

if 660 

Interest and depreciation on if 660 at 6i per cent £4ISi 

Wear of boiler and bars, grease, &c 5 

Coal for Engine, kettle, &c. — 60 tons at 2s. 6d 6 6 

Engine-man 39 

^2 6 
10 Stations at £92. 6s. each, ^^922. 10s. 



Note L. Power of Stationary Engines. 

Friction of62 tons ==116,480 lbs. -f- 180= 647 lbs. 

Priction of ropes, sheaves and drums = -{4^ of weight, say of 

3,400 lbs. (being weight of H mile of Si inch rope), equal to 166 lbs. 
Friction of rope upon barrel 13 lbs. 

816 lbs. 

Power of horse at 12 miles = 160 x 2^ -f- 12 = 31 lbs. then, 
816 -f- 31 = 26 horses, or say, allowing for spare strength, 
30 horses. 



Note M. Expense of Fixed Engines at Manchester end. 

Two 12-horse Engines, each ^600 if 1000 

Machinery and drum-barrels 200 

Engine-house and chimney 400 

Dwelling-house 76 

Well and pump, or pool for water 60 

ifl726 
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NoTB N. Expense of Fixed EDginet npoo H mile itagei. 

TwoSO-home Engines, each ^1200 JMM 

Machinery, drams, &c 400 

Engine-honse and chimney . MM) 

Dwelling-house 100 

Well or pool for water 100 

^3500 
Fifteen Engines at if 3500 = 4^62,600. 



NoTB O. Expense of Fixed Engines for middle of the 2 miles 

level, and at the foot of each plane. 

Two 20-horse Engines, each £900 £1800 

Machinery and drums 300 

Engine-house and chimney • v 450 

Dwelling-house 75 

Well or pond 85 

j^710 



Three Engines at jf2710=i^8130. 



Note P. Expense of Fixed Engines to Work Planes. 

TwoOO-horse Engines, each ^1800 •£*3600 

Machinery, drums, &c......' ••.... 600 

Engine-house and chimney '. 700 

Dwelling-house 100 

Well and pond 100 

^6000 



Two Engines at ^000=if 10,000. 
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Note Q. EitimateofRepsin k Working expeoies of Stationarj' Engine*. 
' Repair to Ixiilen of Engines for the power of 1331 horie», 

Uken ID the proportion of ^13. 4b. to 100 honei df I7B 14 6 

Fire ban taken in like proportion at £6 67 14 

Repairs to Engines and Machinery, at 7«. for one hone's 

powe'' 473 18 

Oil, Tallow, Hemp, &c. at 4s. for one bone's power .... £70 16 
Coal in proportion to former eatimate for 100-bone En. 

gine=18.7Stoniper hone, or S6346i^^ tons per annum, 

exflusive of coal for raising steam (Note 8.) at Ss. 6d. . 3168 7 9 
Men required as fbllowi: — 



Engine-men,. 2 30 6 4 1 — 43 at<fS4 12=1^347 10 
BaDkmen,...S 30 6 4 2=44 „ 39 0= 1716 
Brakemen..! 30 6 4 1= 43 „ 39 0= 1638 
Assistants -.0 15 3 2 1 = 91 „ 39 = 819 

10 men to oil puDeys, at f39 390 

« 

Oil, 30 miles at 60 gallons per iiiile=ld00 gallons at 2*. 6d. 



Note R. Capital and Isterest npon Rope. 
114 miles of SJ-inch rope at 1} lb. per yard, is 104 tons, 

IScwt. Sqrs. lllbi. atffil per ton for new 1^5336 18 8 

Lea* jM per ton for old 941 16 8 



Interest on £AS96 at fi per cent. = 



Note S, Bundry Expeniei and Charges of Stationary system. 

80 crossings by iron pipes, capital .f 300 at 6 per cent .... ^ 16 
Coal each morning for raising steun, 28 lbs. per horse per 

day for 1354 horsea for 312 days 616 2 6 

Wear of pnlleys, in proportion of ^£26 for 3 miles 260 

Interest upon duplicates, tay 1354 horses at J'l -^ ^ 1364 . 67 14 

Ropes,capitalaBabove(noteB).. 1^6836 16 B 

For planes per loco>motiTe estimate 901 14 3 

6298 10 ll atftperct.— 314 18 

Interest npon signals, ^550 at 6 per cent 27 10 

f 1291 4 6 
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Note T. Work of Darlington Loco-motive Engines reduced to a level 
surface, the rise of this way averaging 1 in 246. 

Hackworth^s Engine. 

This Engine*s draught, as stated in the text, is equal to the following 
upon a level surface : — 

Summer, 

b miles. Smiles, 10 milee. 

Goods 46.75 

Waggons 23.10 

Engine and Tender. 16.50 



25.0() 
12.50 
16.50 



17.75 

8.80 
16.50 



Winter, 

fr milee, 8 miles, 

30.00 21.00 

19.80 10.20 

16.60 16.50 



Tons. .80.85 54.00 48.05 



Smaller Engines. 

Summer, 

& miles. Smiles, 10 miles. 

Goods 84.66 18.66 18.88 

Waggons 17M 9.88 6.66 

Engine and Tender.12.00 12.00 12.00 



Tons. .64.00 40.00 82.00 



10 m. 

14.30 

7.20 

16.50 



76.20 47.70 88.00 



Winter 






5 miles, 8 miles. 


lOfft. 


28.75 15.00 


10.88 


14.50 7.50 


5.20 


12.00 12.00 


12.00 



55.25 84.50 27.58 



NoteU. Experiment with Loco-motive Engine upon Bolton Railway, 

reported by Mr. Sinclair. 

Cm, LtM. 
Weight of one waggon • .30 

Weight of its load 42 96 

72 96«8160 lbs. X 13 waggon8sl06,080 lbs. 

Add Engine «10 tons, 13 cwt 23.856 „ 

Mass moved 129,936 lbs. 

129,936 lbs. -r 180 = 722 lbs. = friction. 
129,936 lbs. -r 432 = 301 lbs. = gravity. 

1023 lbs. 



FrieUoflTon. 

1023 lbs. X 8.8 miles « 902.44 lbs. -r- 12.5 lbs. =72.2 tons, 

Deduct Engine.... 10.5 „ 

Gross 61.7 tons. 

Deduct i for waggons 20.5 „ 

Goods. . . .40.2 tons, or say 41 tons. 



Note V. Bolton Loco-motive Engine, with 8 waggons^atO miles per hoar. 

By note U. above, one load gross = 8160 lbs. which 

X 8 waggons = 65,280 lbs. 

Add Engine 23,856 lbs. 

Mass moved 89,136 lbs. 

89,136 lbs. -r- 180 « 495 lbs. « friction. """"" 

89,136 lbs. ^ 432 »= 206 lbs. « gravity. 

701 lbs. as resistance* 

Prtoc or I Ton. 

701 lbs.x6 miles-f-10 miles»420 lbs.-7-12.5 lbs. « 33.6 tons 

Deduct Engine 10.6 tons 

Gross.... 230 tons 
Deduct i for waggons 7.6 ^ 

Goods .... 15.3 tons, or 15^ tons 



Note W. Hetton Loco-motive Engines, by Mr. Wood*s Report. 

In 30.00 chains falls 14 ft. in. which is equal to 1 in 141 

72.45 „ 9„3i„ „ lin514 

In 102.45 chains falls 23 ft. 3i i n. which is equal to 1 in 287 

In summer takes down 16 waggons containing 848 cwt. of coal 

Add waggon 512 „ 

Engine, &c 210 „ 

Together. .1670 cwt. 

20 journeys = 51 miles per day, say 4i miles per hour for 12 hours, or, 

allowing for stoppages, 5 miles per hour. 
1570 cwt. = 175,840 lbs. -f- 180= 977 lbs. = friction. 
Deduct 175,840,, -r- 287= 612 „ = gravity. 

Resistance descending 365 lbs. -7- 12i = 29 tons, load down 

6l2-f210=722cwt.=80,864lbs.-f-180=4491bs.=friction. 

Add 80,864 „ -r-287= 282 „ =gravity. 

ResisUnce ascending 731 lbs. -^ 124=58itons,loadup 

87i tons. 
Divide by 2 for average or on level • .43| tons. 
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Bat as the rise on part of the road is not favourable, say the work on 

a level is 50i tons at 5 miles per hour. 

Upon this basis the work at different speeds is as follows : — 

bmileg. 8mUeM, 10 mileM. 

Goods 23i 14 9A 

Waggons ..,.161 7 4t% 

Engine m 10^ lOi 

50J 8U^ «6i 

Now 604 tons at 6 miles = 101 tons at 2i miles, and 101 -;- 12 = SyV 

horses* power. 



Note X. Friction of Rope on the Brunton and Shields Railway. 

By observation, seven empty waggons took down rope in 
^ 45" (bs 8tV miles per hour), which makes friction 88| lbs. 

Mr. Thompson says 8 waggons take it down in 3 minutes 
( av io( miles per hour), which gives friction 82 ,» 

Average friction 85i lbs. 

Weight of rope » 1861 lbs. -^ 85i » 82, or say friction of rope, 

sheaves, barrel, brake, &c.aB ^ of weight of rope. 

KiUingworth, — 16 empty waggons descended Killingworth plane in 4 

minutes with 4^ inch rope after them, of which the weight was 3096 

lbs. Inclination of plane 1 in 62^. This leaves for friction of rope, 
&c. 143ilbs., or say ^ of weight nearly. 



Note Y. Rope on Brnsselton Plane. 

1861 yards — inclination 1 in 33i — ascended with load. 
826 yards— „ 1 in 30i— descended with load. 

Average taken at 1 in 33, w hich gives 69 lbs.=gravity of 1 ton. 

Tons. 
1861 X (69 H- 12i) X 1.6 = 226,284? ... 
826 X (69— 12i) X 1.6 - 69,919 S '®*^^*^- 

826 X (69 + 12i) X .6 « 33,618 > . 
1861 X (69 — 12i) X .6« 62,292$ ^"P^^' 

382,113 -7- 12i« 30.669 

30.669 -i- 1760= 19^.37 
Deduct. .••!-=: 6.79 



11.68, say Hi 
Hi miles: 1 mile: : .26d, : .0243 of a penny. 
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Note Z, Horse's Power. 

At 8i miles per hoar, a good horse will, upon 

a good road, go 80 miles per day with 32 

cwt. including the carriage. The effect 

per day is therefore 32 cwt. X 20 miles . .640 cwt. moved one mile. 
At 6 miles per hour in the short stages round 

London, a lighter horse of nearly the same 

value will go 16 miles with 17i cwt. (say 

coach 20 cwt., passengers 13^ cwt, and 

packages I^ cwt.) equal to 17i cwt. x 16 

miles 280 cwt. moved one mile. 

At 10 miles a still lighter horse will not do 

more than 10 miles per day in a mail coach 

with 10 cwt. (say coach 20 cwt., passengers 

12 cwt., bags and parcels 8 cwt. = 40 cwt.) 

say 40 cwt. -=- 4 = 10 cwt. X 10 miles. . . . 100 cwt. moved one mile. 
Therefore at 2i miles per hour the horse does the work of 2 J horses at 

6 miles, and of 6i horses at 10 miles per hour^ besides at the high 

speed, the horse will not last half the time he will at the low speed. 



Note A 2. Engines for Liverpool Tunnel. 

1970 yards long-rise 1 in 48. lbs. 

Gravity = 2240 -^ 48 = 46.66 

Friction » 2240-^ 180 = 12.44 

Together 69.101b s =resistance of one ton 

Goods and waggons 52 tons 

Rope 7 inchesssOf lbs. per yard = 5i „ 

Together 674 ^<>"s, total weight to be raised 

Deduct i of 52 tons » . . 17} tons, descending empty waggons 

Leaves 40 tons preponderance 

40 tons X 59.10 lbs. resistance 2364 lbs. 

17.5 + 17.5 s= 35 tons, ascending and dcsct tiding 
waggons. « 35 X 12.44 = '. 435.4 
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2799.4lbs. 
Gravity of rope = 5.5. tons X 46.66 = . . . . 256.6 „ 
Friction oirope s^ of 5} tons » 697.0 „ 

3663 lbs. 
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S663 -f-S7i (horses* power at 10. miles) a97i horses =3 power of En- 
gine, say 100 horses, or two of. ... ; o 50 horses. 

Add for stage, 1^ mile, goods drawn towards Liverpool, say 
two of 10 „ 

Two of 60 horses. 
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I'he increasing importance of Railway communications 
renders it very desirable that the principle of applying 
Steam power should, in all cases^ be well understood ; 
and from the interest which has been excited by the 
late discussions on the best method of conveying 
goods on the Liverpool and'Manchester Railway, it is 
evident that the public, as well as the Proprietors of 
that great work, are not insensible of the advantages 
to be derived from its application. 

It was in the latter part of 1828 that the Directors 
of the Liverpool and Manchester Railway turned 
their attention to this subject. The great expense 
which has been incurred in forming the worlos rendered 
this an investigation of much importance. 

A Deputation from that body made a tour through 
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the northern part of the country for the purpose of 
collecting information from the experience of others : 
their opinion was decidedly adverse to Horse Power, 
and rather in favour of Fixed Engines. 

Mr. Stephenson, the Company's Engineer, next 
visited Darlington and Newcastle, and inspected those 
Railways, where both kinds of power were employed. 
In this investigation we accompanied him, wherein 
we had every opportunity of jisoertaunng the actual 
QOfil of ooDveyance and the liabilities of derangement 
to mbtkibi asNck mode was subject. Mr. Stephensos^ 
in his Report to tfate DiuBCtors, eixpressed himself 
dedid^ly id favour ^f I<iocon>otiye Eiig^nes. 

TbtB Sjbepofft diffenng in some degree from that of 
the Deputation, it wad deemed necessary, in order to 
come to a satisfactory coiiclusiou, to employ two 
Engineers, who might be able to give the subject their 
Ml Gontidepation. 

Mr. James Walker, of Xjondon, and Mr. Rastrick, 
of Stourbridge^ were named^ and appointed to inspecjt 
the Railways in the north : they devoted a considerable 
portion of time to the examination, and embraced ^ 
irery comprehensive view of the subject. 
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These gentleineu» however, did oot aeem to be very 

mrable to one system more than aDother, althoitgfa 

considered Fixed Engines to be the most 

mical ; and they differed essentially in several 

^ery important items of expenditure with which Mr. 

Stephenson had previously made himself acquainted. 

Notwithstanding the conclvitioiis to whids Messrs. 
Walker and Rastrick had arrived, the majority of the 
Directors still believed that Locomotive Engines, from 
the simplicity of their application to any quantity of 
trade, would best answer the purposes of their Railway. 
Under this impression they offered a premium of 
j6600. for the best Locomotive Engine which, being 
constructed on the principle of burning its own smoke, 
should take a certain weight at a given speed. This 
offer induced the competition which took place at 
Rainhill in October last, an account of which will be 
found in the following pages. 

The Reports of Messrs. Walker and Rastrick were 
printed by the Directors and circulated amongst the 
Proprietors, since which Mr. Walker has revised and 
republished that part which was written by himself, 
and caused it to be generally circulated. It is our 
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object to exanaine how far the statements it contains 
are consistent with the experience before us. 

We indulge not in speculative theories, and we shall 
offer no opinion that has not been substantiated, either 
by daily practice or more recent experiments. 

Liverpool^ Febrfmry^ 1830. 



OBSERVATIONS, &o, 



The advantages which Railways possess over every 
otheF mode of conveyance at present known, are not 
pnly attributable to the smooth and hard surface whicU 
the iron rails present to the wheels of carriages rolling 
upon them, but also in a great degree to the facility of 
applying Steam power as a Locomotive Agent, 

It is considered by some that horses, in point of 
economy, ^re preferable to Locomotive Engines; while 
others have advocated that mode called ** the recipror 
eating plau of conveyance by Fixed Engines." Each 
system h^s its peculiar advantages, depending chiefly 
on tbe nature of the surface of the country, and on the 
extent and character of thie trade. 

The horse may be said to Ue preferable when the 
quantity of goods to be conveyed is small, the distance 
short, and when coals are so scarce as to render the 
use of steam power less economical. 

Locomotive Engines are best adapted for Railways 
that are continuous and horizontal, where the desidcr 
ratum is despatch, and particularly when the conveyr 
.ance of passengers becomes an important part of the 
^rade, 

B 



Fixed Engines i;vith ropes are most suitable for hilly 
countries, where the gravity of the horse, as well as of 
the Locomotive Engine, becomes a material part of 
their whole power. 

It may easily be imagined that a difference of opinion 
may exist, as regards the economy of these different 
modes, in their application to particular localities. Our 
object is to compare the merits of Locomotive and 
Fixed Engines on a horizontal Railway (or nearly so). 

Previous, however, to entering into the question of 
the general conclusions to which Mr. Walker has 
wrived, we shall examine the correctness of the data 
employed by him in the following ordef : — 

1st. Friction of Railway Carriages. 

2d.* Estimate of the mechanical effect of a Loco* 

motive Engine moving at the rate of 10 miles per 

hour, and its requisite weight. 
Sd. The mode adopted for ascertaining the average 

performance of Locomotive Engines at present 

in use Qn the Darlington and other Railways. 
4th. The consumption of fiiel. 
5tk. Annual repairs. 

The friction of carriages moving on Railways is eer* 
tainly not " well agreed,'^ aa Mr. Walker has supposed*, 
4? be Tiotb of tbct weight moved, or I2|^tbs. per ton. 
The most popu^kr work on this subject, and where 
the. most care seems to hav^ beea taken to procure 
accurate rpsults, i^ that oi Mr. Wood> wha Mi€^ituted 
a set of experiments for the purpose : he has invariably 
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repreeented fiictionat ihslh, or ll^lbs. per ton; and, 
considering the imperfect state of the road where thetie 
experiments were made, we should not think that it 
would beiiicreased on a " well-constructed Railway." 
Indeed, from some experiments recently made on the 
Liverpool and Manchester Railway, with a carriage 
having the bearings on the outside of the wheels, the 
friction was found to be only rhsih of the weight, or 
8 lbs. per ton ; but, since these experiments were made 
under the most favourable circumstances (the rails 
being previously swept), with a new carriage fitted 
up for the purpose, whilst those of Mr. Wood were 
made under all states of the road, and with waggons 
that had been for some time in use, we have thought 
it better to adopt his formula : and we know of no eK- 
perinients that could warrant friction to be represented 
at 12^lbs. per ton, except those which Mr. Walker 
himself made on a stone pavement road which is now 
constructing in the neighbourhood of London, and 
which, we believe, was exactly 12^ lbs. per ton; but 
no one for a moment can suppose, that the resistance 
on a smooth iron Railway can be as much as on a 
stone road. Smoothness and hardness are necessary- 
qualities in a good road, and so long as iron possesses 
them in a greater degree than stone, it follows that the 
amount of friction will ever be less. 

In estimating the effect of a Locomotive Engine 
moving at the rate of 10 miles per hour, Mr. Walker 
commences by assuming the power of an engine weigh- 
ing 8 tons to be uniformly equal to 10 horses, and a 
horse equal to 33,000 lbs. raised 1 foot per minute. 




Much has been said by various writers on mechanicif 
i^8|)ecting the uncertainty attending the practice of 
designating the power of machines in terms of horses^ 
since eminent Engineers differ widely in their estimate 
of the latter power. This difference of opinion, how-» 
ever, is of little importance so long as it is understood 
upon which formula we found our calculations. We 
tihall, therefore, for the sake of clearness adopt the 
same estimate of a horse's power as Mr. Walker has 
done, viz. 150lbs. moving atthe rate of 2§ miles perhour. 

The effect of high-pressure Engines is now almost 
universally adbiitted to depend, not so inuch on the 
size of the cylinder, lis upon the quantity of steam 
which the boiler can generate, and Upon its degree of 
elasticity. The capability^ therefore, of a high^rfessure 
Engine is most accurately ascertained by the size and 
construction of the boiler, and more espfecially by the 
llsttter, since the quantity of steam supplied by boilers 
Of the same dimensions is materially influenced by the 
manner in Whidh the fire is applied. To explain this 
by an example, let us suppose two high-pressure En- 
gines constructed precisely alike in every particular, 
Except in the height of the chimney : in this respect 
let one have a chimney 20 feet high, and the other one 
of 40 feet high ; it is clear that the draft created, and 
consequently the temperature of the fire connected- 
tvith the latter, will be much greater than that con- 
uected with the former. ^' 

Supposing, under these circumstances, that the 
quantity of steam generated, and the consumption of 
fuel, be in direct proportion to the temperature^ it is 



dbvioos that the power of the two Engines will be 
proportionate to the quantity of fuel consumed. -' '* 

Hence we perceive that the power of high-pressure 
Engines is more directly connected with the quantity 
of fiiel consumed in a given time than with the size of 
the cylinder, or even the capacity of the boiler itself. 
We are aware that the above assumption relative to 
the quantity of steam and consumption of fuel being 
in the direct ratio to the temperature of the furna^e^ 
may be deemed gratuitous. This does not, however, 
nffect the result^ for it is clear that the quantity of 
steam generated in a given time, and also the quantity^ 
Of fuel consumed, will bear some proportion to the 
temperature. Whatever this proportion may be, the 
t^espective powers of the Engine will still be governed 
by the quantities of fuel more than by the size of the 
boiler, or any other part of the Engine. It will, there- 
fere, be readily inferred that as much steam may be 
generated in a small boiler as in a large one, if the 
temperature of each be duly proportioned ; or in other 
words, the same Engine may be greatly increased in 
power by applying means to increase the temperature 
of the fuel. 

In taking this view of the subject of Steam Boilers, 
DO regard is paid to the comparative economy of fuel, 
it not being our object in this place to enter upon a 
subject on which there are two opinions so widely 
different. Some Engineers maintain that economy in 
the consumption of fuel applied to Steam Engines is 
most efficiently accomplished by allowing combustion 
to proceed at as low a temperature as is consistent 







with circumstances, and make up for a deficiency in 
this respect by increasing the quantity of fuel in com' 
bustion, and also the surface by which the caloric is 
transmitted to the water in the boiler. The truth of 
this view of the subject is not unfrequently very strik- 
ingly exemplified in practice. The other opinion, 
■which is advocated by several scientific gentlemen, is 
diametrically opposite to that already mentioned. It 
is maintained that the more elevated the temperature 
the greater is the economy of fuel. This opinion hence 
differs from the former by substituting intensity of 
temperature for area of heating surface. 

In Locomotive Engines hitherto constructed, the 
area of tbe surface in the boiler acted upon by the fire 
is much less than that generally employed in Stationary 
Engines, and hence it is that the consumption has 
been much greater to produce equal effects. This in- 
convenience has been submitted to, in order that sim- 
plicity and compactness might be achieved. 

To compensate for the loss of heating surface it was 
necessary to augment the temperature of the fire. 
This was eiFected, shortly after the first Locomotive 
Engine was tried on the Killingworth Colliery Rail- 
way, by couveying the steam into the chimney, where 
it escaped in a perpendicular direction up the centre, 
after it had performed its office in the cylinders. The 
velocity of the steam on entering tlie chimney being 
ranch greater than that due to the ascending current 
of air from the natural draft of the furnace, the effect 
was to increase the draft and consequently the tem- 
perature of the fire. 




From what has already been said respecting the 
coonection existing between the power of high-prea- 
sure Engines, the temperature of the furnace, and con- 
sumption of fuel, it in obvious by this contrivance for 
augmenting the draft, that a corresponding increase 
takes place in the power of the Engine. This being 
admitted, to which there is no reasonable objection, 
let us suppose that a Locomotive Engine, moving at 
the rate of 4 miles an hour, has its velocity increased 
(by reducing the load one half) to 8 miles per hour — it 
is evident the steam from the cylinders will escape 
into the chimney at twice the velocity ; an increase of 
draft is the result, accompanied with a more rapid 
consumption of fuel, and consequently a more profuse 
generation of steam. Since it has been shown that 
the power of these Engines, under similar circum- 
stances, is chiefly dependent on the quantity of fuel 
consumed, it is evident that by this application of the 
waste steam to accelerate combustion, the power of 
the Engine actually varies under different velocities. 
The precise law by which this augmentation of power 
is governed remains yet to be determined, and must 
depend on future experiments. The detail of experi- 
ments made with the " Rocket," at Rainhill, subse- 
quent to the competition, will suffice to prove, without 
doubt, that such an increase of power does really take 
place as the velocity of the Engine is multiplied. This 
curious fact, connected with the construction of Lo- 
comotive Engiiies on the principle of the '* Rocket," 
has not hitherto, we believe, been represented in this 
manner ; and it is so important, that any calculation 
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Q^lecting its consideration at high velocities must be 
regarded as futile and absolutely false. 

Mr. Walker takes the power of a Locomotive 
Engine, of the size and construction of those used upon 
the Darlington Railway, equal to 10 horses, at 2^ 
miles per hour. Presuming that the effect is inversely 
as the velocities, he reduces the power of the Engine 
at 10 miles per hour to 2| horses power, or = 375 lbs. 
This conclusion would have been perfectly correct if 
the quantity of steam generated in the boiler in equal 
times were the same at all velocities ; but the fallacy 
of this assumption, in reference to Locomotive Engines, 
has been sufficiently explained in the forgoing 
remarks. 

From the method adopted by Mr. Walker to ascer-r 
tain the effect of Locomotive Engines at different 
velocities, he deduces a gross weight of 19|^ tons at 
10 miles per hour, as a proper load for an Engine 
weighing 8 tons. The weight of a Locomotive Engine 
is so very important in the inquiry, that we are surprised 
that no reason has been assigned for stating it at 8 tons. 
It ought not to be inferred, that because the Engines 
on the Darlington Railway are of this weight, that 
similar ones would be required on the Liverpool and 
Manchester Railway, where the occasional ascents 
to be overcome are trifling, when compared with those 
on the former. 

To explain this more clearly : on the Darlington Rail-r 
way, although its average fall be 1 in 246, there are 
several planes which are level, or nearly so, and others 
that ascend 1 in 100. The Ei^ines have to overcoipfB 



in their regular work the resistance of 20 loaded wag» 
gons on a level, and of 20 empty ones on an ascent of 
1 in 100, at the rate of 4 miles per hour. 

Weight of 20 loaded waggons ^ 80 tons 
Engine and Tender ........= 12 „ 

92 tons, 
* or 206,080 lbs. ^ 200 = 1030 lbs. the maximum resist. 

ance with a load at 4 miles per hour, 12^^Jli ;=: 412 lb9, 
at 10 miles per hour : — 

In returning, weight of Carriages 25 tons 

Engine and Tender... 12 „ 

37 = 82,880 lbs. 
82,880 ^ 200 = 414 lbs. friction. 
82>880 -5- 100 = 828 „ gravity. 

1242 „ the maximum resistance 
with the empty waggons, at 4 miles per hour, or 

~j~ = 497 lbs. at 10 miles per hour. 

But since Mr. Walker takes 375 lbs. as the effect 
of a 10 horse Engine, it follows that the Darlington 
Engines are daily working to upwards of 13 horses' 
power, yet they do not exceed 8| tons, exclusive of 
tender.^ If we examine the statement sent by Mr* 
Sinclair to Mr. Walker, respecting the performance 
of the ^' Lancashire Witch," on the Bolton and Leigh 
Railway, where 8 waggons, each weighing 8160 lbs., 

ft 
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form the fair fe very-day load, and jire prbi!>elled tip an 
ascent of 1 in 432 at the rate of 6 miles per hoiiri 
then — 

8 1 60 lbs. X 8 + 23,856lbs. (weight of Engine &Tender) 
= 89, 136 lbs. total weight moved. 

5^ = 206 gravity. 
^ = 445 friction. 



651 lbs. total resistance. 



And ^^ - 390.6 lbs. which, at 11^ lbs. fw friotion, 

leaves, after deducting weight of Engine and waggons, 
16 tons of goods at 10 miles per hour; but allowing 
it to be only 15^ tons, which Mr. Walker admits to 
be the " practical, fair, e very-day's work" of this 
Engine, it is easily shown, that the difference between 
15^ tons and 13 tons for an Engine's load affects v^ry 
materially the ultimate results. It is caloulatfed that 
2,000 tons will pass each way between Liverpool and 
Manchester daily, which is equal to 4000 tons over 
30 miles, or 120,000 over 1 mile. One Engine is 
proposed to travel 90 miles per day with 13 tons of 
goods, equal to 1170 tons over 1 mile; consequently, 
102 Engines would be required to perform the work: 
but if each Engine took 15^ tons, only 87 Engines 
would be required. Therefore 15 working and 3 
spare Engines would be saved, which woiild produce 
a reduction in the first cost amounting to near £ 1 1|000. 
and a saving in annud cost of nearly <£5()d0. 



This calculation is brougUt forward to show how 
important it is to take iuto account the most recent 
improveineuts in this class of Engines. The " Lan- 
cashire Witch" WAS the most efficient Mr. Walker had 
examined, and the deductions from its performance 
would have approximated nearer the truth, than data 
drawn from the Darlington Engines that have been 
several years in use, and workiog uuder very great 
disadvantages. 

Scarcely a single journey is performed by these 
Engines without being interrupted by the horses or 
other trains of carriages passing in a contrary direction, 
there being only a single line of road, with passing 
places. At each end of the distance traversed by the 
Engines great delay is occasioned from the irregular 
supply of carriages, which, from the nature of the trade, 
and other local circumstances, it is impossible to avoid. 

None of these disadvantages are taken into con- 
sideration by Mr. Walker ; he even neglects the 
consideration that all the Engines he examined were 
constructed to move at moderate velocities, and in 
determining the effect produced by those used at Dar- 
lington, a most unaccountable oversight is committed. 
lu this distance several different rates of ascent occur, 
where the Engine is required to exert a power much 
beyond the average performance. In the adaptation 
of Engines to this line, it was requisite to construct 
them in such a manner that these ascents might be 
surmounted without difficulty, though such a con- 
struction would render them less suitable to the more 
favourable parts of the line of road. This is evidently 
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1^ great drawback, for which, instead of making a dae 
allowance, the line is assumed by Mr. Walker to 
ascend uniformly at the rate of 1 in 246, being the 
average of a series of planes, varying from a level to an 
ascent of 1 in 100. Several miles of the distance ascends 
from 4 to nearly f of an inch per yard, where the 
Engines are daily exerting a much greater force than 
Mr. Walker affixes to them ; and it ought to be observed 
that this increase of power is not called into action by 
any improper means, such as he supposes to take 
place when experiments are made merely to show 
what the Engine will do. It is remarkable that this 
method should have been adopted in calculating the 
actual performance of the Engines, when in another 
part of his Report Mr. Walker says — 

'' From the account of work of the Hetton Engines, 
** we find they are doing less than the others, owing, 
** as we have calculated, to the rise in one part of 
'^ their journey being too great for their application." 

Now, if the rise in one part of the line of road in this 
instance reduces the effect of the Engines, is it not 
evident that the ascents in the Darlington Railway 
should operate in the same manner, and in a propor- 
tionate degree ? Though this is, from the above ex- 
tract, Mr. Walker's opinion, he has deserted it entirely 
in making his calculations respecting the performance 
of the Darlington Engines. In order to show, in as 
clear a manner as possible, the inconsistency of 
estimating the effect of a Locomotive Engine on a 
levels from that produced on a road consisting of a 
series of inclined planes, some of which nearly approach 
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the utmost limits of ascent where Locomotive £ng;ii)es 
can be profitably employed, we willtake an imaginary 
case, where animal power is used. Let us suppose 
that a Railway, 20 miles long, ascends on an average 
10 feet per mile, raakingthe total ascent 200 feet. If 
the ascent in the first instance be taken uniformly, a 
horse will pass over 20 miles with a load of 7 tons, 
which may be considered a fair average day's work. 
Instead of the ascent being uniform, let it be irregular, 
and in some places to ascend so rapidly as to require 
an assistant horse, to enable the load to pass uninter- 
ruptedly. Here, therefore, we are compelled to have 
two horses to accomplish the same work that one 
would do if the ascent were uniform. It must be 
granted that the assistant horse would not in this 
case be fully employed ; but althongh the additional 
power may not be fully employed, it is still necessary 
to overcome the increased resistance. 

This case is a precise parallel to the Locomotive 
Engines on the Darlington Railway. 

In quick ascents they exert occasionally, in ascend- 
ing with the empty waggons, a force equal to 1242 lbs., 
whereas if the road be assumed to ascend uniformly 
I in 246, the greatest resistance would only be 75 1 lbs. 
We may take an extreme case, by conceiving a 
Railway to consist of a number of level planes, with 
intermediate ascents so great as to require the whole 
power of the Engine to propel itself Here Locomotive 
Engines would be entirely useless ; whereas if the 
ascent were made uniform, they might be the best 
possible kind of mptivepowerthat could be employed. 






The coDSumption of fuel being much greater io 
Locomotive than Fixed Engines, it becomes a highly 
interesting, and indeed an essential point to determine 
the proportion with precision, before a correct com- 
parison can be instituted between the merits of the two 
systems of conveyance. 

It is probable that the consumption of fuel by 
Locomotive Engines will always be greater than by 
Fixed Engines. 

In the latter the heat may, without inconvenience, 
be applied in the best possible manner, and care taken 
to prevent loss of heat by radiation; but lightness, 
compactness, and simplicity being absolutely necessary 
in Locomotives, we are compelled to adopt less 
economical methods of applying the fuel. 

The great disparity which exists in this respect 
between these two kinds of Engines is a sufficient 
reason for making diligent inquiry on the subject. 

In his estimate for coals for the Stationary Engines, 
Mr. Walker takes 15lbB. per hour per horse, which is 
considerably below the average consumption of these 
Engines, except kept in the most complete order ; and 
even with this rare condition, and great uniformity of 
the work to be performed, few Engines are brought ao 
low as 17lbs. : more generally the consumption is 
20lbs. per hour per horse power. The fuel consumed 
by the Darlington Locomotive Engines appears to have 
guided Mr. Walker in fixing 2jlbs. per ton per mile 
as the probable average consumption on the Liverpool 
and Manchester Railway. The inforraationhe received 
from Mr. Storey, the resident Engineer on the Dar- 






lington line, respecting the quantity of coals consumed 
in two months by 4 Engines, and of the work done in 
that time, is unqnestionably correct; and if the Engines 
had been as adequately employed during this period 
as Stationary Engines are, when the quantity of fuel 
ia estimated, no objection whatever could have been 
urged against the conclusion to which Mr, Walker 
had arrived ; but these Engines are seldom or never 
kept in regular work, on account of the irregularity in 
the supply of waggons at each end of the journey, 
which has been already alluded to. 

In considering the subject of fuel in reference to these 
Engines, it is very material to take into account the 
stoppages to which they are subjected, not from any 
inherent defect in the system or construction, but from 
casualties connected solely with the character of the 
trade. 

If, therefore, certain contingencies (in those instances 
where Locomotive Engines are employed) occasion a 
■wasteful expenditure of fuel, the same influence ought 
certainly to be calculated upon if any other species of 
power be applied. Mr. Walker does not, however, 
appear to have made any inquiry as to the consumption 
of fuel by Stationary Engines, where they are employed 
on Railways and subjected to delays similar to those 
we speak of on the Darlington Hue; and instead of 
drawing a just parallel on this point between the two 
systems, he takes the fuel consumed by Fixed Engines 
at a minimum, even under favourable circumstances, 
and employs iu his estimate the maxinmm, or nearly 





so, of coals coDSumed by Locomotives under very 
unfavourable circumstances. 

It is extremely difficult, if not altogether impracti* 
cable to determine accurately the quantity of fuel 
consumed by Locomotive Engines during the time 
they are actually in operation on any of the Railways 
where they are adopted. To arrive, therefore, at data 
to enable us to compare them with Stationary Engines, 
we are compelled to rely upon experiments made 
expressly for the purpose, which, if made carefully 
and impartially, are certainly more valuable than 
information derived from, and applicable only to, 
particular localities. When it ia stated that experiment 
is mo$t valuable, it must be understood that we refer 
to the comparison between the two classes of Engines 
similarly situated. Several experiments with different 
Locomotive Engines are detailed by Mr. Wood, in his 
treatise on Railways, which give the consumption of 
fuel as follows : — 



f 



No. 1 Experiment... 2.9- lbs. of Coal per ton per mile, 
„ 2 Ditto ......2.13 ditto ditto. 

M 3 Ditto ...... 2.05 ditto ditto. 

„ 4 Ditto 2.34 ditto ditto. 

5 Ditto 1.60 ditto ditto. 



»> 



]No6. 1 and 4 are the only experiments which could 
warrant the consumption taken by Mr. Walker ; and 
when the construction of the Engine is taken into 
accounti this large quantity of fuel required is satis* 
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factorily explained. The experiments % 3, and 6, 
were made with wheels of 4 feet diameter, to show 
the economy arising from large wheels, and the 
result approximates much nearer a true average, 
as compared with Fixed Engines, than that taken 
from the accounts furnished from Darlington. 

The above experiments were made with Engines 
having a single fire tube through the boiler, similar to 
the whole of those on the other Railways visited by 
Mr. Walker, excepting one at Darlington, which has a 
double tube, and presents a greater surface to the fire. 

Mr. Walker speaks of this construction as a great 
improvement, yet he rejects the experiments made 
with this Engine (for the express purpose of ascer- 
taining the consumption of fuel), and calculates upon 
the data he received from Mr. Storey, relative to the 
fuel required during two months by Engines which 
he acknowledges to be constructed upon less econo- 
mical principles. That the experiment just alluded 
to is good data upon which to form a judgment, the 
following by Mr. Wood will show in a very satisfactory 
manner : — 

The Darlington Engine with a double tube, gave 

the consumption 1.60 ^ ton ^ mile. 

M r. Wood's experiment. No. 2, gave 2.13 ditto. 
Ditto, 3, „ 2.05 ditto. 

Ditto, 5, „ l.ao ditto. 

Taking into consideration the smaller quantity of 
surface exposed to the fire in the Killingworth 
Engines, the accordance is as near as could be 
expected, since difference in the condition of the 

D 



18 

Railway, as well as in the state of the weather, wmild 
occasion some discrepancy. 

The " Lancashire Witch," from the Bolton and 
Leigh Railway, has recently been employed on the 
IJverpool and Manchester line, to draw marie, &c. 
from an excavation on a part of the road exactly level. 
The construction of this Engine is different from any 
at that time in use, and it was interesting to know 
whether any economy in the consumption of fuel was 
produced. Two distinct tubes pass longitudinally 
through the boiler, each of which contains a fire. The 
objectof this arrangement was to apply a larger quan- 
tity of fire, as well as to obtain a greater extent of 
surface. The following experiment was made with 
this Engine, and the greatest attention was paid to 
tibtain accurate results. 

In 12 hours 158 waggons of marie and sand, each 
weighing 4 tons, exclusive of carriage, were conveyed 
over a distance of ItW miles, or 884 tons over 1 
mile, without any allowance for back carriage, which 
was 158 waggons, each weighing 20 cwt. over lA 
miles, or 221 tons over 1 mile. Two-thirds of the 
weight of the empty carriages may be supposed goods : 
the performance will therefore stand thus :—*> 

884 tons of goods over I mile in one direction. 

147 „ of ditto over I mile in the other direction. 

1031 „ total conveyed by the Engine over 1 mile. 
Coals. — 16 cwt. consumed by the Engine. 
1 „ in heating water. 

16 „ tc^al weight consumed. 
This, divided by 1031 tons, gives 1.73 lbs. per tori of 
goods per mile. 
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From the duration of this trial it ahiiost loses the 
character of an experiment, and may be regarded as 
the nearest approximation to a fair average consump- 
tion. This is on the supposition that the Engines are 
fully employed, which becomes a vital condition when 
Locomotives are to he compared with Stationary 
Engines. 

On the annual repairs of Locomotive Engines we 
agree with Mr. Walker, that there is little ground for 
specnlation respecting the original cost oftliese Engines, 
and the men's wages in working them. So far, 
therefore, in our calculation, we adopt the same 
amounts ; but we think bis estimate of annual repairs 
is considerably overrated, and, we believe, not borne 
out in any single instance by experience. It would 
have been more satisfactory if Mr. Walker had given 
his reasons for estimating the annual repairs so high as 
to make the yearly cost of keeping, incomplete order, 
one Locomotive amount to ^107. 8s. With the 
exception of one item in this estimate, viz. " fire-bars," 
they are all at variance with ourexperience for upwards 
of 14 years ; but as uo explanation of the individual 
items is given, we refrain from entering into an investi- 
gation of each separately. 

We have been favoured with an account of the actual 
annual cost incurred in keeping in repair the Loco- 
motive Engines on the Springwell and Darlington 
Railways. On the former, two Engines have been 
employed about44years,aud, according to the account 
furnished by Mr. John Wood, the colliery viewer, 
these Engines cost, during the year 1827, as follows : — 
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Wright work ^ , £lO 15 5 

Smith work 40 17 S 

Sundry tradesmen's accounts 50 2 

£101 14 8 

Deduct old materials 9 19 ^i 

Total cost of repairs for two Engines 91 15 4^ 

Or^ for one Engine £45 17 B^ 



The same Engines cost during the year 1828: — 

Smith work £22 15 

Malleahle Iron Bars 27 8 8 

Wright work 4 3 2 

Sundry tradesmen's accounts^ including Carting, 

Stop Cocks, Pumps, Clacks, &c 81 17 6^ 

Total cost of repairs for two Engines , £S6 8 11^ 

Or, for one Engine £48 1 llf 



In 1829 the annual repairs of four of the Dar- 
lington Engines, as per account, carefully taken 

hy Mr. Hackworth, exclusive of Fire Bars, are. . .£ 1 54 8 

Add for Fire Bars 24 

£l78 8 

Or, for one Engine , £44 12 



The near coincidence existing between these two 
estimates, made by different individuals, is a strong 
proof of their accuracy; and when we consider that 
they refer td Engines without springs, and some other 
recent improvements, we are satisfied that j?50. is an 
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ample allowaoce fortbe annual repairs of LocomotiTe 
Engines more recently made. 



The necessity of employing Fixed Engines for the 
purpose of assisting the Locomotives to ascend the 
Rainhili and Sutton inclined planes, comes next to be 
considered. 

These planes have a rise of 1 in 96, and were 
originally laid out for Fixed Engines 5 but, since that 
time, Mr. Stephenson has recommended the use 
of Locomotives entirely, and in his Report to the 
Directors on that subject says — 

" I propose each Locomotive to take 30 tons of 
" goods, and to keep an assistant engine at the bottom 
" of each plane, which will make the load of each 15 
" tons, or, with the waggons, 2*2 tons, and they will be 
" enabled to ascend at the rate of 6 miles per hour." 

Mr. Walker has taken great pains to investigate 
this subject, and has made several calculations to shew 
how hopeless it is to expect Locomotives to work on 
these planes. He states that the effect which an 
Engine weighing, with its tender, 10^ tons is capable 
ofexerting,isonly375lb.'!. ; and that it will only "just 
" move its own weight up the hill at 10 miles per hour, 
" and consequently, an additional number of Engines 
" could do no good, as the weight of each would be 
" its load." Adding — " It would consequently be 
" doing an injury to the Locomotive system to apply 
" it to this work, for which it is evidently unfit. 
" However good it may be in itself, it has its limits, 
" and au ascent of 1 in 96 is palpably beyond them, 
" where the length and requisite speed are so great." 
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It very ibttunatety happens that there is already 
experience enough to decide which of these VHtb 
opinions approximates nearer the truth, and we are 
surprised that Mr. Walker should have entered into 
a lengthened calculation to prove what every day's 
experience demonstrates to the contrary ; for there is 
no doubt 'but that three-fourths of the Locomotive 
Engines, now in use, are daily exerting a force greater 
than would be required to ascend the Rainhill planes 
at 10 miles per hour. 

We have before had occasion to observe, that the 
Darlington Engines have frequently to exert a force 
equal to 1242 lbs. at 4 miles an hour, or 1242 x 4 -^ 10 
^ 497 lbs. at 10 miles an hour. 

On the Springwell Railway, where two Locomotives 
are used, and where the angle of inclination varies 
from tHf to tV, the average being 1 in 122, one 
Engine travels with 18 waggons weighing 22|- tons, or 
with Engine, &c 33 tons, at an average speed of 6 
miles per hour. 

In the first place, the average resistance &r th^ 
whole length of the line will be — 

Gravity 606 lbs. 
Friction 370 „ 



976 X 6 -i- 10 = 585^ lbs. the effect at 10 
miles an hour. 

In the second place, the occasional resistance on a 
rise of ! in 80 will be — 

Gravity 924 lbs. 
Friction 370 „ 



1294 X 6 -^ 10 = 776]bs. 
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But as this part of the road is not very long, we have 
thought proper to take the average of the whole line. 

From an experiment made od the Bolton and Leigh 
Railway with the " Lancashire Witch," it appears 
that 5B tons were moved up an inclination of 1 in 432 
at the rtlte of 8iTith miles per hour, which gives the 
effect at 10 miles per hour equal to 8361bs. 

Mr. Walker rejects this experiment, becau&e he 
supposes the safety valve was tied down, and because 
the distance run was not sufficiently continuous ; yet 
we should think, that with such a load, and at a speed 
of near 9 miles an hour, the rapid abstractiou of steam 
from the boiler would prevent all necessity of fastening 
down the valve ; and the distance was very little short 
of the length of the Rainhill inclined plane, and 
therefore bears some resemblance to the point in 
question. 

On the Hettoa Railway the rise in one part is con- 
siderably more than the average of the whole length, 
the former requiring the Engine to exert a force equ^ 
to 488lbB. at 10 miles an hour, while the latter, which 
is stated to be the Engine's real performance, is only 
343 lbs. 

If we recapitulate the foregoing, we shall have for 
the effect produced on the 

Darlington Railway 497 lbs. 

Springwell Railway 585j „ 

Bolton and Leigh Railway 836 „ 

Helton Railway 488 „ 

Now the whole of these results (excepting that of 
the " Lancashire Witch," just referred to) are derived 
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from the every-day work of Engines which have been 
in use for the last five or six years : — and, suppose that 
the force requisite to propel an Engine up the Rainhill 
inclined plane be 375 lbs. as has been stated by Mr. 
Walker, it is evident that the whole of these Engines 
are exerting a greater force than would be required to 
surmount such an inclination. 

The abrupt ascents which frequently occur on these 
Railways will, in some degree, account for the weight 
of the Engines employed on them. The estimate of 
their actual performance has been erroneously made 
by considering the line to rise uniformly from one end 
to the other, forgetting that the Engines are obliged to 
be made so heavy as to be able to overcome the 
greatest acclivity, and that the surplus weight upon 
other parts of the road becomes a clog upon the 
Engine, and reduces its beneficial efifect. 

But to reduce the effect of Locomotive Engines on 
inclined planes to a still greater certainty, some 
experiments have been instituted on the very plane in 
question, which must remove every doubt on the 
subject. 

Experiment First. ^The " Rocket" Engine, 

weighing 4:|^tons, including the weight of water in the 
boiler, took a load of 

m 

Engine 4 tons. 5cwt. 

Tender 2 „ 10 „ 

Waggons and Load 8 „ 10 „ 



IS „ 5 ,, up an inclination 
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of I in 96 ill 5' 35'^ the distance being 1^ mile, wbict^ 
is at the rate of 16 miles an hour. 

Experiment Second. — Engine... 4 tons 5 cwt. 

Tender... 3 „ „ 



Waggons 13 „ 7 



99 



20 „ 12 „ up 
the same inclination and the $ame length in 1' IQ"^ 
which is at the rate of I2| miles an hour. 

In confirmation of these it may be added, that 
during several trips up this plane with a coach con- 
taining 30 persons, a speed of 24 miles an hour wa9 
maintained. 

No care in these experiments was taken to render 
them more striking than the ordinary work of Engine^ 
would justify. The " Rocket" had a lock-up safety 
Talve, loaded to 50 lbs. on the square iqch, and thje 
rails, if any things were in a worse state than they 
usually are. Our object being solely to ascertain 
whether such, an inclination might not be overcome 
jby an Engine of that weight. 

That these experiments have sufficiently answered 
the purpose for which they were intended is quite 
evident; and even if facts had been wanting to prove 
the fallacy of Mr. Walker's position, these, from their 
direct application to the point in question, cannot fail 
to rempv.e a difficulty which such a statement wa^ 
calculated to create. 

On the 19th of October some further experiment^ 
with the same Engine were made, to determine what 
)oad was best adapted for regular ^ork. The plane 

e 
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was level. The distance in one direction was 1| mile, 
the weight attached was 30 tons, Tender 3 tons. 
Engine 4^ tons. 





Weight. 


Space. 


Time. 


1 St Trip Eastward. . . 


..37iton8. 


i\ mile. 


& 10" 


Ditto Westward., 


..37i „ 


li „ 


& 4S" 


«d Trip Eastward. . . . 37^ „ 


U „ 


r 54" 


Ditto Westward. 


..S7i „ 


li „ 


6' 41" 


3d Trip Eastward.. 


..37i „ 


li » 


& 35" 


Ditto Westward... 37 i „ 


H ,, 


r 12" 






9 miles in 


41' 18": 



WeiglU. Space. Time. 

4thTripEastward....41|ton8. l^mile. & 30" 
Ditto Westward.. .41| „ 1^ „ & 45" 



Smiles in 13' 15'' = IS^mileslTfamnr. 



Weight. Space. Time. 

5th Trip Eastward... 46^ tons, l^mile. 6' 18" 
Ditto Westward... 46i „ 1^ „ 6' 50" 



3 milesin 13' 8''=13}mae8»'hour. 

It may appear singular that the increase of ^kijgYkt 
should be attended with an increase of velocity, but 
this may be accounted for by the steam rising during 
the times that the waggons were fixing on, and also by 
the Engine getting in better working order after a few 
trips ; but taking every thing into consideration^ We 
regard the average rate of periformance on that day to 
be 37^ tons (gross), or 20 tons of goods, at 13 mfledf^n 
hour. 

In an experiment which was afterwards made with 
a gross load of 34^ t6tit8,*in stiarting ff om one end of 
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the stage the steam was so low that the Engine could 
only just move the load. During the first quarter of 
a mile the average rate was not more than 5 or 6 miles 
an hour; lu the next quarter it increased, and on 
arriving at the other end of the stage we were moving 
at the rate of upwards of 12 miles an hour. No 
additional fuel was put into the fire during the whole 
length of the stage, nor was any extra steam thrown 
into the cyHnders ; in short, not a valve nor any part of 
the Engine was interfered with, but was left to exert 
such power only as an ordinary fire might he capable 
of generating. 

Experiments generally are deemed objectionable, 
because the Engine is forced beyond what it is capable 
of maintaining; but, in this instance, there was more 
steam in the boiler, on arriving at the end of the stage, 
than there was at the commencement ; and hence the 
conclusion, that the power of the Engine is at least 
adequate lo move a gross weight of 34^ tons, at the 
rate of 12 miles an hour:, and whether the speed 
might not have increased still further is a point which 
the shortness of the stage alone prevented our ascer- 
taining. We do not, however, wish it to be supposed 
that this Engine would take three times the weight 
at one-third the speed, or 34^ x 3 = 103 J tons at 4 milei 
an hour, because it was made expressly for 12 miles 
an hour. There is, in all En'^inis, a certain speed for 
the piston, at which a maximum effect is produced, 
and,if not strictly adhered to, a proportionate reduction 
in the effect will be the consequence; and, therefore, 
to adopt such a plan of calculation would be as unfit 
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iind as erroneous as that of supposing the speed of the 
Darlington Engines increased to 1 miles an hour, and 
giving the result as the effect to be produced at that 
Ispeed. 

To give an example: — On the Railway, near 
Liverpool, an Engine was employed for drawing the 
waggons loaded with marie. Its general load was 
about 70 tons (exclusive of its own weight), which it 
moved at the rdte df about 5| miles an hour; but when 
detached, and having only its own weight to move, we 
found that it was incapable of maintaining a speed of 
20 miles an hour. But if the theory of proportioning 
the load inversely, as the velocity, as adopted by Mr. 
Walker, had been correct, the Engine ought to have 
taken 12^ tons at that speed. Also, the performance 
of the ^^ Rocket" Engine, at 13 miles an hour, was 
found to be 37^ tons gross, and at 35 miles an hour 
the weight of the Engine was its load ; Jjut, according 
to the same rule, it ought to have taken 9^ tons. 

From thlB experiments which have been detailed, it is 
evident that, on a level Railway, a Locomotive Engine, 
weighing from 4 to & tons^ will convey 20 tons of goods, 
(exclusive of carriages, at the rate of 12 miles per hour; 
and that on the Rainhill and Sutton planes, which are 
each 1^ mile long, ascending 1 in 96, the same Engine 
will draw 8 tons of goods at 10 miles an hour. The 
force, therefore, which the Engine has to exert at those 
speeds on the level, and on the inclined plane, is 
respectively 497 lbs. and 656 lbs. 

If we calculate the effect which a Locomotive 
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Engine is capable of producing at 10 miles per hour, 
having two 10-iiicli cylinders, with pistons, moving 180 
feet per minute, and an effective pressure of 25 lbs. per 
square inch (being one half the elasticity of steam in 
the boiler), we shall have 157 inches area of the 
cylinders x 25 lbs. x 180 feet -t- 880 feet per minute 
(being 10 miles per hour) = 803 lbs. the power of the 
Engine, which exceeds the resistance of 8 tons of 
goods, OD a plane ascending 1 in 96, by 147 lbs. : hence 
the Engines are fully adequate to the load assigned. 

Since the Engines are proved to be more than equal 
to the resistance of 656 lbs. and proposed to vi^ork at 
this, it may seem inconsistent to apply a load on the 
level, the resistance of which only amounts 497 lbs. 

Experience, however, has shown, that though a 
Locomotive Engine may be constructed capable of 
overcoming a certain resistance, where unavoidable 
and peculiar local impediments render it expedient, it 
is injudicious to work regularly with a load that 
approximates so nearly to the utmost effect of which 
it is susceptible. This is the reason why the load 
has been so apportioned on the inclined planes and on 
the level ; that on the former being 656 lbs. and on the 
latter only 497 lbs. 

The load for the Locomotive Engines on the 
Liverpool and ManchesterRailway is therefore taken 
at 20 tons, except at Rainhill and Sutton, where 
assistant Locomotive Engines will be required, each 
capableof ascending with 1 2 tons of goods at 10 miles 
per hour. 

Admitting, as it is in Mr. Walker's report, that each 
Engine will make three journeys daily between 
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liferpool and Manchester, we shall have the work of 
one Engine, eqnal to 20 tons of goods, conveyed over 
00 miles, or 1800 tons conveyed over one nnle. 

The daily traffic being stated at 4000 tons conveyed 
90 miles, or 120,000 tons conveyed one mile, will con- 
sequently require 07 Engines to perform the work. 

The assistant Engines requisite at RainhiU and 
Sutton planes being estimated equal to iSths o( the 
load OH the level, the daily work to be perfumed by 

them will be ^^^^ = 2400 tons. 

Each Engine, when fully employed, may safely be 
calculated to make 20 journeys, or 60 miles per day» 
which is equal to 240 tons. Hence 2400 tons' will 
require 10 assistant Engines, making 77 the number 
constantly at work, to convey daily 2000 tons in each 
direction between Liverpool and Manchester; to 
which must be added, ^th for spare Engines: the 
total number therefore, will be 93. 

ESTIMATE OF CAPITAL REQUIRED. 

gS Engines and Tenders^ at £600 £55,800 

4 Water Stations at £500 ....'. 2,000 

Coossings at the RainhiU and Sutton inclined planes, for the 
assistant Engines to pass from one line of road to the 
other » 200 

Total capital £5&,0QQ 

I 

ESTIMATE OF THE ANNUAL COST OF EACH ENGINE. 

One Engine and Tender will cost £600 

Add -^th for spare Engine and Tender 120 

Whole coat of 1 Engine at work £720 



■jr 
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Ititerest<if capital, inckdingdepredAtion>«t/]rj| per. «i^ tO 

Add annual repairs, as ascertained by actual observatien, 

on the Springwell and Darlington Railways 50 .0 

Wages, Coals, and other expenses, as follows :-— 

Engine Man's wages, at 2is. per week £54 12 

Assistant 26 

Coals."^! Engine has been stated to convey 

1800 tons over 1 miie per day, wlueh at 

1.75 lbs. per ton per mile, is 3150 lbs. per 

day, or, takiqg 312 working days in one 

year, is 439 tons per year, at 5s. lOd. 128 10 

Grease, oil, hemp, &c 12 

• £20 12 10 

Annual ool^t of workingl Engine £324 12 10 

ANNUAL COST OF WATER STATIONS. 

Interest and de^nreeiation on original cost of each Wiater 

Station, viz. £500, at 7i per cent £37 10 

Annual repairs, grease, &:c , 5 

Coals for each Station, 100 tons at 4s. 6d 22 10 O 

Attendant 39 O 

Cost of 1 Station £l04 O 



Annual cost of leading 2000 tons of goods per day 
each way between Liverpool and Manchester : — 

Annual cost of working 77 Engines,at £324. 12s. lOd. £24,997 8 2 
Annual cost of five Water Stations, at £l04. each... 520 O 



£25,517 8 2 



This sum divided by 4000 tons, conveyed over 30 
aliles per day, or for 312 days, equal 37,440,000 tons 
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coDveyed over I mile, gives the cost at 0.164 of a 
penny per ton per mile, or 4A pence for the whole 
distance. 



The method of drawing goods on Railways by 
means of Fixed Engines and ropes, called the *^ re- 
ciprocating plan of conveyance," was said to be 
invented by Mr. Thompson, who took out a patent for 
the improvepaent. 

The plan consists in placing Steam Engines at inter- 
vals of one or one and a half mile along the whole 
line of Railway, and having ropes running on rollers, 
placed between the rails, to extend from one Engine 
to the other, by which the waggons are drawn forward. 
When a train of waggons leaves a station, it t^rkes 
along with it another rope, technically called the '^ tail 
rope^ vehich serves to bring back the next train which 
is moving in the contrary direction ; the rope which 
drew the first train then becomes the " tailrope^^ and 
is drawn back by the former, which then becomes the 
" head rope'* This is called the reciprocating system. 

As the application of this kind of power is at presentt 
very limited, there is necessarily a want of experience 
as to its practicability, where despatch and regularity 
are indispensable. 

There can, however, be no doubt but that a speed 
of 10 or 12 miles an hour, oreven more, may be mainr 
tained during the time the carriages are in motion ; but 
whether the stoppages in changing ropes and crossing 
from one way to the other at the Engine stations may * 
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not reduce the average speed veiy considerably, is a 
poiuton which we shall otfer a few remarks. 

The Bruiitoii and Shields Railway has five con- 
tinuous planes worked by Fixed En^nes, only one of 
which may be said to be on the reciprocating plan ; 
for on three of the planes the loaded waggons run of 
themselves, and the rope is merely used to draw back 
the empty ones ; and on the other the full waggons 
are drawn up, and the empty ones run back with the 
Tope : from which it appears, that on four of the planes 
it is only necessary to use one rope, the gravity of the 
waggons dispensing with the other. 

This mode is highly advantageous, in point of 
simplicity and economy, when compared with the 
reciprocating system, where two ropes to each train 
are required. 

The Brunton and Shields Railway has only a single 
line of rails with a passing place at the Engine stations ; 
but,an the Liverpool road, two lines would he required 
to be worked by the same Engine, which consequently 
lessens the simplicity still further. 

Mr. Walkerhas shown apian,* by which the waggons 
and ropes are to be managed at the stations, which, if not 
altogether impracticable.iscertainly very complex; but 
this may arise, in some degree, from the nature of the 
machinery consequent upon the system, and not 
entirely upon the peculiar plan which Mr. Walkerhas 
proposed. 



• Mr. Walker, in a note in the second edition of his Report, says 
this plaii is not hia own, but was struck out by Mr. Rastrick. 
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To explain this by example : — ^The diagram, No. 2, 
shows two trains of waggons being drawn towards the 
station. The train d haviqg to take the switches at 
e to cross into the other road, necessarily comes in 
contact with the rope from the roll. No. 2, which is 
out at the next station. The same obstruction arises 
to the train c by the rope which is out at the station 
in the opposite direction. 

To remedy this, the ropes might be carried on frame- 
work above the loaded waggons, as far as where the 
latter would pass the switches ; but even in that case, 
the rope, in drawing a train towards any station, would 
require to be detached on arriving at the frame-work, 
and the impetus of the waggons would not carry 
themselves and the tail-rope through the switches to 
the place where the next rope would have to be 
attached. 

There are several methods of arranging the rope- 
rolliers for this system, which have objections more or 
less important, any of which vnll require a much 
greater stoppage of the train at the stations than has 
been calculated upon. 

We are convinced of the truth of this, from an 
investigation which we made last year of the relative 
rates of speed on the Brunton Railway, just referred 
to, which was embodied in one of Mr. Stephenson's 
reports on the same subject. 

In commencing from that part of the Railway 
adjoining the river, we intended to have given a 
statement of the speed on each plane ; but, owing to 
the wind being so very high, and the empty waggons 
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not running freely on some of the planes, we were 
obliged to wait for a considerable time at the stations, 
and we therefore took little notice in passing up, 
further than that we were nearly two hours in going 
5 miles and 193 yards. 

In returning with a gross load of 31 tons, we had 
the wind in our favour, and the following is the result 
of the experiment : — 

Yards Umg. Tkne. Stoppaget. 

Firrt Plane 1287 in 5' 10" 8' 20" 

Second ditto 23l6 in T SO" 4' SO" 

Third ditto. 1562 in & SO" & 00" 

Fourth ditto 1760 in & 00" 5' 00" 

Fifth ditto 2068 in 5' 10" 0' 00" 

HMMMVMapWMW* ■ ■ ■ ■ ■ ■■■ i ■ ■■ ■■ 

5^milei. 8993 in SO' 20" 23' 50" 

From this it appears, that during the time the 
waggons were in motion a speed of upwards of 10 
miles an hour was maintained, which, by taking into 
account the stoppages for changing ropes, &c. is 
reduced to 51 miles an hour. These stoppages, how- 
ever, would not have been so much if the Engines had 
been sufficiently powerful to draw both ways at a time, 
as would be the case on the Liverpool and Manchester 
Railway; but this advantage may very likely be 
counterbalanced by the complication in the machinery 
necessary to work two lines of road. 

We agree nevertheless with Mr. Walker that 2| 
minutes for changing the ropes, &c. is amply sufficient 
where despatch is requisite ; but who can look upon 
30 miles of Railway, divided into equal stages, with 
40 trains of carriages, moving at the rate of 12 miles 
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aa hour, and drawn by 20 different Steam Engines (a 
delay in any one of which would stop the whole), 
without feeling that the liability to derangement alone 
is suflScient to render the stoppages extremely uncer- 
tain ? And in considering this long chain of connected 
power, given out by so many machines, with the con- 
tinual crossings of the trains from one line to the other, 
and subject to the government of no fewer than 150 
men, whose individual attention is requisite to preserve 
the communication between two of the most important 
towns in the kingdom, we cannot but expres3 our 
decided conviction that a system which necessarily 
involves, by a single accident, the stoppages of the 
whole, is totally unfitted for a public Railway. We 
have hitherto spoken of general disadvantages, but 
what inconvenience would individuals not suffer, on 
arriving at any particular point find that from some 
accident, which might have occurred several miles 
off, they were compelled to stop, without knowing 
the cause of the delays and without a chance of any 
other carriage coming up to take them forward ? 

Mn Walker has compared this system to " a chain 
" extending from Liverpool to Manchester, the failure 
♦' of one link of which would derange the whole." 
But he adds — " there are about 20 changes of horses 
" in the mail between London and Liverpool, a stop- 
" page at any one of which influences the whole; re- 
" verting to our metaphor, the chain here extends for 
'^ two hundred miles, and notwithstanding the various 
'V chances of accidents and delays, the mail generally 
** -arrives about the proper time." 

We do not see the comparison so strikingly as Mr. 
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Walker seems to have done, for when an accidient' 
happens to a horse in the mail, another is generally 
brought to supply its place ; but it would be impos- 
sible to supply the place of a 50 horse Steam Engkie 
with the same facility. But to place the two cases in a 
parallel position it would stand thus: — In case of 
accident to an Engine or a rope, every train between 
Liverpool and Manchester would be stopped until the 
injury was repaired. So would it be with an accident* 
with the mail, every coach, and cart between Liver- 
pool and London would be delayed, but as this 
sympathy does not exist, Mr. Walker's metaphor is 
quite inapplicable. 

It ought not, however, to be inferred that we deem 
this mode of conveyance to be more liable to accidents, 
than that by Locomotives; but it must be admitted 
that an accident occurring to a Locomotive Engine 
only stops the particular train of carriages which is 
attached to it, and may, therefore, be considered only 
a partial delay, whereas a derangement in the recipro- 
cating system, as we have already shown, creates- a 
general stoppage. 

In estimating the cost of conveying goods by means 
of Fixed Engines, the friction and the wear of ropes 
become the most important considerations. 

The friction of ropes on a level Railway has hitherto 
been but very partially understood, owing to the diffi- 
culty of making experiments for the purpose of ascer- 
taining it. Mr. Walker has given two experiments, 
whereby he shows that the amount of friction is equal 



38 

to A of the weight of the rope ; but as he has not given 
the weights of the waggons, nor the inclination of the 
road, on which the experiments were made, we are 
unable to ascertain whether this deduction is correct. 
We allude to this more particularly, because in expe- 
rimenting for this purpose, the gravity ofthe rope itself 
has been almost universally neglected. In the experi- 
ments made by Mr. Wood, he has given the friction of 
ropes on inclined planes of various rates of inclination, 
but his results can only apply to such planes as those 
on which the experiments were performed, because 
the gravity of the rope was not considered a part of 
the accelerating force. 

The method which we adopted in investigating this 
part of the subject, was by placing so many empty 
waggons on an inclined plane as would move a given 
length of rope at an uniform velocity; this being 
ascertained, it is evident that the gravity of the rope 
and waggons will be equal to their friction. 

Experiment First. — ^Three waggons, weighing 
72 cwt. maintained a speed of 1|^ mile an hour, with 
930 yards of rope, weighing 3307 lbs., on a plane 
ascending 1 in 33. 

Experiment Second. — Four waggons, weighing 
96 cwt. maintained the same speed, with 1370 yards 
of rope, weighing 5004 lbs. 

Experiment Third. — Five waggons, weighing 6 
tons, maintained a speed of 1 1 mile an hour, with 1810 
yards of rope, weighing 6600 lbs. 
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To reduce these to fractioDal parts of the rope'<& 
weight — 

1st. Gravity of waggons .... 244| lbs*. 
Gravity of rope 103 „ 

347^ „ 
Deduct friction of waggons.. 39 ,, 

Leaves 308|- ^^ or ij of the 
weight of the rope for its friction. 

2d. Gravity of waggons . . . .326 lbs. 
Gravity of rope . .y. ... 152, „ 

478 
Deduct friction of waggons... 52 ,» 

Leaves 426 „ or nearly iV 

3d. Gravity of waggons. . . 407f lbs. 
Gravity of rope .... ,200 ,, 

6071 „ 
Deduct friction of waggons... 65 „ 



Leaves 542^ „ or nearly rv 

There is in this result a material difference with 
that of Mr. Walker, who states the friction at A, but 
as our experiments were made with the greatest care, 
we cannot but think tha result very nearly correct. 

But to show how much the weather, and consequent 
state of the roads, affect such experiments, we quote 
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the following from Mr. Wood. Speaking of a Fixed 
Engine plane having an inclination of 1 in 75 nearly, 
he says — 

^' When regularly at work, this Engine drags 12 
*' loaded carriages up this plane, and the rope is taken 

out again by the empty carriages descending the 

plane. In bad weather that number is not sujfficient 
** to accomplish it, and a horse is obliged to be 
^' const^tly kept at the Engine, to assist the carriages 
" in overcoming the resistance of the rope."* 

If, therefore, these twelve waggons, each weighing 
3080 lbs. cease to move near the bottom of the plane, 
where the friction, of the rope is at its maximum, we 
shall have for the gravity of the waggons 

3080xl2-i-76=492lbs. 
Andforthegravityoftherope3527-^75 = 47 „ 



539 „ 
From which deduct friction of waggons 180 „ 



Leaves for the friction 359 lbs. 

which is rather more than xVth of the weight. It would 
evidently be very injudicious to calculate the power 
of Fixed Engines on the assumption that the friction of 
the rope is only Ad of its weight, when the changes in 
the weather very often increase it to more than double 
that amount. 

It is well known that the Engines erected on th^ 
Brunton Railway were found to be inadequate to 
perform the work, which we believe to have ariseii 

^ * Treatise on Rail-^roads^ page 213. 
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entirely from an imperfect knowledge of the powe|t 
requisite to move the rope. 

The load which Mr. Walker has assigned to be 
conveyed by each Engine is 52 tons, to be dragged 
by a rope 8| inches in circumference; and, before 
estimating the cost, it will be necessary to examine 
whether such a size is adequate to such a load. 

In this, as in most other cases, we can only refer to 
those RaUways where similarity of circumstances will 
warrant a comparison. The resistanee of 52 tons will 
be 582^ lbs. 

On the Hetton Railway, a 5-inc.h rope is used to 
drag 24 empty waggons, each weighing 2Q cwt. up an 
ascent of 1 in 250. On this plane a Scinch rope wa^ 
originally used, but it was so frequently broken tha(; 
}t was removed in four monthsif 

Then 3136 x 24 -h 250 = 301 lbs. gravity, 
And 3136 x 24 -h 200 = 376 „ friction, 



Resistance rjequiring a 5-inch rope... 677 ,, 

On another plane, which is qui^ level, a rope 4^ 
inches in circumference is used to drag the same 
number of waggons ; consequently, 3136 K 24 -^ 200 
2= 376 lbs. the resistance requisite for a 4|^ inch rope; 
and, by reducing these to the resistance of 52 tons on 
a level, we shall have by the former for the requisite 

size of the Rope 4.6 inches 

By the latter.. .5.6 „ 

Jn the foregoing we have not taken the weight pf 

G 
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the rope into calculation, as the length of the planes 
are nearly alike. 

We are aware that on the Brunton Railway ropes 
lighter than those at Hetton are used ; but, since there 
are no level planes worked by this method at Brunton^ 
we think the deductions from Hetton better data. 

But although the ropes used at Brunton are lifter 
than those which we should propose on the Liverpool 
line, it should not be inferred that the strain on the 
former is equal to that on the latter. 

For example: — On two planes, where Scinch ropes 
are used to draw back the empty waggons^ the fiiU 
ones running down by their own gravity, the rite being 
1 in 120 and 1 in 123 respectively; if we t^ke it at 1 
in 12^, we shall have for the resistance of 12 tons <^ 
waggons equal to 354 lbs. which is not quite two*-third& 
of the resistance of 52 tons on a level. 

The breakf^e of ropes at Brunton has been very 
frequent, which, on a Railway w|iere comparatively 
little traffic is carried on, may not cause much delay. 
We recollect noticing twenty-seven spUces^ or places 
where it had been broken in one rope, and there were 
several others which showed evident marks of being 
overstraiaedi 

^ On the Hetton Railway a very considerable trade 
is. carried on, and a stoppage would consequently.be a 
serious, loss : it js very probable that the substitution 
of ra 5*inch for a S^^inch rope was occasioned by the 
delays arising from the breakage of the latter. 

It is clear, therefore, that for such a line of Railway 
as the Liverpool and Manchester a rope oi.^ inches 
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in circumference is too small; and, iu order to prevent 
as much as possible thosedelays arising from breakage, 
a 4^-inch rope is the very least in size that should be 
used ; aud on the inclined planes a rope not less than 
6^ inches. 

In comparing the two systems of conveyance, the 
consumption of ropes is a very material point ; and iu 
considering it, Mr. Walker observes that experience 
ought to be our guide. 

There can be no doubt that experience is the safest 
criterion in cases of this description, but great care is 
requisite in transferring the results from any particular 
Railway to another not similarly situated. 

The Brunton and Shields Railway, on which the 
cost of ropes is said not to exceed ^th of a penny per 
ton of goods per mile, is extremely favourable; but 
the chief portion of this line descends gradually with 
the load, aud in favourable weather the reciprocating 
system is adopted on one plane only. The data, 
therefore, afforded by this Railway cannot apply to the 
Liverpool aud Manchester, where the whole is sup- 
posed level, or nearly so. 

The next instance which Mr. Walker adduces as a 
guide, is a Stationary Engine on the Darlington 
Railway, at Brusselton, which works two planes, one 
ascending 1 in 33, and the other descending with the 
load 1 in 30. The cost of ropes is here stated to 
amount to ^d. per ton of goods per mile. 

To determine from this data the cost of ropes on a 
level Railway, a mode of calculation is adopted at 
variance with every-day's experience. , ,. 
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The average load upon the Brusselton planes ii 
\rednced to a level, and the cost reduced in the same 
hitio, without considering that the wear of ropes upon 
'Railways is very materially influenced by starting or 
putting into motion the train of waggons at the bottom 
of the planes. Now the resistance to be overcome by 
the ro|>e, when carriages are in uniform motion, is much 
less than at the starting of the train, arising not merely 
from the friction of the axles being augmented by the 
bdhesion between the axle and bush^ when the waggons 
^re in a state oi rest, but also from the vis4nertiae of 
the mass to be moved. Every one experienced with 
the operations of Stationary Engines on Railways can 
bear testimony that the breakage of ropes is mainly 
Occasioned by the starting of the trains. 

On the Brusselton, as well as on inclined planes 
generally, the bottom is made level, and sometimes 
descending in the direction of the load, in order that 
gravity may aid the rope in giving motion to the train ; 
but, notwithstanding these judicious precautions, the 
rope recieives the greatest injury at' starting, which of 
course exists to as great an extent On level Railways 
as on inclined planes^ which are made flat at the 
bottoita. 

The deductions drawn from the latter, omitting this 
Croiirsideration, are therefore totally inapplicable and 
useless as a guide in deteripining the strength of ropes 
requisite on level planes. This view will show that 
the cost of ropes on inclined planes is a much nearer 
approximation to that on a level Railway, when lai^e 
ttrains are employed, than is generally apprehended, 
and that the wear is far from being directly as the load. 
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The last instance to which Mr. Walker refers in his 
Report as affording data on this important point, is on 
a part of the Hetton Railway, which is nearly level, 
where " 301,800 tons are conveyed over 2^ railes for 
an expense of £780. in ropes, which gives, according 
to the most favourable mode of calculating, -r^ of a 
penny per ton per mile. 

This part of the Hetton road is worked by the 
reciprocating system to a greater extent than on the 
Brunton and Shields, and the planes not varying 
widely from a level, is better data than either of the 
others ; yet it does not seem to have influenced Mr. 
Walker's conclusions on this point, having fixed on 
iht of a penny per ton per mile, whereas the daily 
experience at Hetton indicates -^ths. 

Since, however, the curves which exist on that line 
may increase the wear of ropes in some degree, we 
shall take the cost, when applied to the Liverpool and 
Manchester, at i^ of a penny per ton per mile. 

It appears that the accounts which gave ^ of a penny 
per ton per mile on the Brunton and Shields road, 
were founded upon the assumption, " that (excepting 
" three ropes which had been actually worn out) those 
" in use would do about half as much more as they 
" had already done,"— a method of calculating quite 
inadmissible. 

There exists another powerful reason why the cost 
of ropes on the Brunton Railway sliould not be followed 
as a guide in making estimates in reference to the 
Liverpool and Manchester, viz. the different planes 
do not only ascend and descend in the same direction 
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with the load, but also with different degrees of 
ioclinatioD. This being the case, when a rope becomes 
insufficient for the ascending planes with the load, it 
knot rendered useless, but may be applied to some 
of the planes in succession, as the inclination decreases, 
or where the empty waggons alone ascend : thus a 
rope may be employed much beyond the period that 
it would be serviceable on a line of road on which it 
was proposed to convey a gross weight of 52 tons in 
each train, and over a series of planes, scarcely differing 
from a level or from each other. A rope, when 
unserviceable for one plane, would be equally so for 
thft whole distance. 



Before entering into an examination of the requisite 
powers of the Engines, it will be necessary to divide 
the line into stages, which, for the sake of perspicuity, 
we adopt those proposed by Mr. Walker. 

*^ The space between the Liverpool tunnel and the 
" foot of Raiuhill plane, about six miles in length, is 
** divided into four spaces^ each I^ mile long; — the 

ascending and descending planes each to form one 

stage; — the two miles level upon Rainhill two 
^* stages ; — and the 19 miles, from the foot of the pl.ane 
" to Manchester, to be divided into twelve stages of 
*M~ mile each, and one stage of one mile nearest to 
" Manchester." 

The speed, when in motion, isproposed to be 12miles 
an hour, which, including stoppages, will be reduced 
to 9 miles an hour between the two extreme points. 
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The power of the Engines on the i^ mile stages will 
be thus : — 

Friction of 52 tons at -^ = 582lbs, 

Friction of If mile of 4|-inch rope, weighing 

6888 lbs. at Ath = 674 „ 



]166 
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Power of a horse at 12 miles an hour = 150 x 2|^ 
-*- 12 = 31 lbs, : then 1156 ^ 31 == 37 horse power ; 
or, allowing for spare power, say 40 horses for one 
ime, or 80 horses for two lines. 



t'% 



Power of Engines for the one mile stagey : — 

Friction of 52 tons, as above ,.... 582lbfik 

Friction of the one mile of rope, being two- 
thirds of the above**.., 382 „ 



964 



n 



But, since these Engines need not be made to propel 
the goods at more than 8 miles an hour, because the 
space of 1 mile can only be travelled over in the same 
time that the others are moving 1^ mile (on account 
of the necessary dependence of these Engines upon 
the others) ; therefore, the power of a horse at 8 miles 
an hour will be 150 x 2^ -5- 8 = 47 lbs. which, divided 
into 964, gives the power of these Engines = 20|- 
horses, or for spare power 24 horses, or double that 
for the two lines. 
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The power of the Engines to work the two inclined 
planes will be — 

52 tons -^ 96 gives for gravity.. 12 13 lbs. 

52 tons -^ 200 gives for friction 592 „ 

Friction of rope (5^ inches circumference), 

10,700 lbs. -J- 12 = 891 
Gravity of rope 10,700 lbs. -5. 96 = 111 



ft 



2797 „ 
2797 lbs. -^ (3 1 power of a horse at 12 miles) = 90 
horses. 

This would be the power of the Engines in case 
no descending train was passing down the plane at 
the same time, but which, according to the regularity 
of the system, becomes a necessary consequence. 
We shall therefore assume the power requisite to work 
these planes, and the one-mile stages^ to be 80 horses. 

The power of the Engine at the foot of the inclined 
planes will, by allowing 10 horses to assist in over? 
coming the friction of the rope, be 50 horses, and the 
extra power at the tunnel 40 horses, 

The total quantity of power will therefore be— 

17 Engines of 80 horses* power 1360 horses, 

1 ditto at the tunnel, 40, 40 „ 

I ditto on level at Rainhill, 48 ,. 48 „ 

ft ditto at the bottom of planes, 50... 100 „ 
) (ditto at Manchester, 24 24 ,, 



Total 1572 
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ESTIMATE OF CAPITAL REQUIRED FOR ENGINES AND 

MACHINERY. 

• 

One Engine of 80 horses' power ^2800 

Four Rope Rolls and Machinery 550 

Engine-house and Chimney 650 

Dwelling-house, Reservoirs^ &c 200 

£4200 

Seventeen Stations at £4200 ^., £71>400 

Extra powerat the Tunnel, 40 horses 1,800 

One Engine of 48 horses' power ...; £l600 

Rope Rolls 500 

Engine-Jiouse and Chimney 600 

Dwelling-house and Reservoir 180 

■ ■ 2,880 

Two Engines at bottom of planes, 50 horses, same as last. . . 5,760 

One Engine at Manchester, 24 horses. £960 

Rope Rolls.... ....« 250 

Engine-house, &c. 500 

Dwelling-house, Reservoir, &c 180 

1,890 

Sbeavesfor Ropes, 13,090, at 12s 7,854 

Four sets of Crossings and Turn-outs at each station, 88, 

at £5a ^.. 4,400 

£95,984 
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ANNUAL EXPENSE ^F STATIONARY ENGINES. 

Interest and depreciation on £9^^984. at the rate of 

6i percent £6238 19 2 

Coals for Engines^ being altogether 1572 horse power> 

working 10 hours per day for 312 days^ at 17 lbs. 

per horse power per hour = 37^222 tons^ at 48. 6d. 8374 19 
Repairs of Engines and Machinery^ including Fire 

Bars^ Boilers, Hemp, Oil, &c. at £l. per horse 

power per annum 1572 

49 Engine men, at £54. 128 £2347 l6 

21 Assistants, at £40. 840 

42 Brakemen, at £40. per annum 16*80 

84 men to ride the trains, being one man to each rope, 

at £40. per annum 3360 

Wear and tear of Rope Sheaves, at £8. per mile of 

double way 240 

Oil for Sheaves, 2100 gallons, at 23. 6d 262 10 

Eight men to oil sheaves, at £30. per annum 240 

Annual cost of keeping the Machinery in working order £25, 1 56 4 9 



BOPES. 

108 .miles of 4^inch Rope on the level stages = 221|> 
tons (after deducting value of old material), at 
£42. per ton £9296 

Six miles of 5^inch Head Rope for inclined planes, 

i9i^ tons, at £42 802 4 

Six miles of 3|-inch Tail Rope for inclined planes, 

7 tons 17 cwt at £42 329 14 

Grooves for Ropes crossing roads, 30, at £10 300 

£10,727 18 
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WEAR OP ROPES. 

Ihterest on die abpve cost, at 6 per cent, per annum... £536 7 10 
Although the wear and tear on ascending die ihclthed' 
planes will be increased, there will be a saViiij^ih 
descending, and we therefore take 30 miles at -^^ftfi 
of a' penny per ton- per mile, oii 4000 tons'doA*^ 
veyedf daily, equal to S7>440,000 tons over one 
mileperannum 15,600 

Annual cost of Ropes, &c ^£16,136 7 10 

III. ruLJi 

K)8 milesof spare 4^inch Rope, ^21| tons, dt £61.i.£nfiBl^ O 
SiJt mileftof 5|-inch Head Rope for inclined planes, 

ig^tonsr, at £51. 97^4* ^ 0' 

Six miles of 3|-inch Tail Rope for inclined planes, 

7 tons 17cwt.at£51 400 7 

Duplicates for Engines, at the rate of &!• "per hofse 

power. »••• ... 1,572 

Signal Stations, 22, at £25 ,.«.» i 550 

£14,784 9 

Interest on this amount at 5 per cent per annum, 

being the annual cost of Duplicates, &c. £739 4 5 



SUMMARY OF ANNUAL EXPENSE OF ENGINES, ROPES, 

DUPLICATES, &c 

Engines, being equal to 1572 horses £25,156 4 2 

Ropes 16,136 7 10 

DupU^ates, &C 739 4' 5 

£42,031 X6 5 

Which, dividedinto 37,440,000, the number off tons 
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conveyed over one mile annually, will leave .02694 of 
a penny per ton per mile, and the capital invested in 
this establishment will be — 

Engines and Machinery £95,9S4t 

Ropei^ &C. in use 10,727 18 

Duplicate Ropes and Machinery. 14,784 9 

£121,496 7 



To compare the two estimates in one view — 

The capital required to convey 2000 tons each way 

per day by Locomotive Engines, will be .....^... £58,000 
And by Stotionary Engines 121,496 7 

Difference in favour of Locomotives £63>496 7 



The annual cost of conveying the same quantity by 

Locomotive Engines £25,517 8 2 

And by Stationary Engines 42,031 l6 5 

Annual saving in fiivour of Locomotives £l6,5l4 8 S 



The rate per ton per mile by the Locomotive system 

is 0.164 of a penny, 

and by the Stationary plan 0.269 „ 

making an excess of expense per ton per mile of 
0.105 of a penny by the Stationary system; or the 
proportionate advantage is as 8 to 5 in favour of Loco- 
motive Engines. 

We have not thought it necessary to include any 
contingent expenses which may be common to both 




systems, and we have made our calculations on the 
supposition that the trade be quite regular and uniform 
from one end of the line to the other. 

These conclusions, considered in connection with 
the Liverpool and Manchester Railway, we believe 
are fully borne out by experience, especially when the 
disadvantages to which the Locomotive system has 
been exposed in its application to practice are atten- 
tively and impartially weighed. Until within a short 
period. Railways have been principally employed for 
the conveyance of coal or other mineral, from mines 
to an eligible shipping place, and, since mines either 
become wholly or partially exhausted in a few years, 
it is essential, in constructing Railways for such pur- 
poses, to study economy in the first outlay. This 
necessity, combined with a want of information on the 
great importance of reducing the irregularities of the 
natural surface of the ground to obtain a uniform 
section, has tended much to retard the progress of 
Locomotive Engines. 

When they were first introduced in the north of 
England, they were either very imperfectly constructed 
or were applied to situations not adapted for their 
profitable employment. The Colliery Railways in 
the north have rarely been constructed with a due 
regard to the best sectional line, so that the greatest 
effect might be produced with the least expenditure 
of power; they more generally present ascents and 
descents, to an extent that render both Imrses and 
Locomotive Engines almost useless. Hence we 
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perceive wfagr the inteoductioii of LocomiotiveEQgitfes 
ha» beeD so tardy and so frequently attended wkh 
unfavourable results. Such failure are imagined by 
many to arise from imperfections concomitant with 
tihe system itself, whereas they have really arisen from 
a misconception of their capabilities when properly 
brought into operatimi» and particularly from a want 
ei diseriminatioa> in determining the limitsy beyond 
which they bex:ome expennve and troublesome; 

In drawing a comparison between Locomotive and 

Stationary Enginei^as applicable to the Liverpool and 

Manchester Railway, the relative expense is certainly 

of vast importance ; but though this is a primary object^ 

that of despatch^and public accommodation are of the 

utmost consequence, and may be said to rank higher 

in', the scale of importance than expense, when' the* 

difference between the two systems in the latter item^ 

if: not very great. When the traffic upon a Railway/ 

is^either small or variable, tiie Locomotive flligmes: 

are not only cheaper but much more conveniient, 

because the number of Engines. iui opecatiodi at< one 

time may be regulated as the trade fluctuates^ But 

when the Stationary styfitem is adopted, the whole of 

the machinery must be employed to. convey tfaegoods^' 

however triflings Where the trade i» great audi 

nearly uniform^ as is the case between Liverpool andi 

Manchester^ the expense of the Stationary system^ 

approximates probably more nearly to that* of tfae^ 

Locomotive than in any other locality in Engtand^ Itj , 

is.in thi& instanee, therefore, that dei^atch andpnbUo^ 

accommodation claim particular- attention. 



In tbi9 vespeGt Mr. Walker is .of opiuioa that eitber 
system is fully adequate; but he does not appear to 
ha?e diUy considered the practical difficulties which 
are unavoidable where a chain of Stationary Engines 
10 emiployed. Locomotive En^bes may J^e compared 
to horses^ as far as convenience is concerned, with thia 
advantage, that they are much more mans^able» 
because each Engme Is an independent power : but 
the case is widely different in the other system, whei«i 
ths whole is dependent on each individual parti and 
also upon a series of regulations, liable to be deranged 
by the inattention of workmen. With the Locomotive 
Eii^nes the . carelessness of one person extends, in 
most cases, only tx> one traia of carriages ; wbereaa 
an accident produced by the same cause wiiji Star 
tionary Enginea occasions a delay from one eud of 
the road to the other, and the risk of accident is e^tir 
duutly proportionate to the length of the line of road^ 
W^ may go so far as to conceive a lii>e of Rail way» 
wjtb Statioaary Epgines^ so long, that accidents would 
be almost perpetually occurring, which leads to the 
inference, that the conveyance of a large quantity of 
gO»ods by such a series of Engines and ropes would* 
in. the end, become actuallj^ improjcticeAle. 

This latter supposition is not advanced as applicable; 
to the liyerpool and Manchester Railway, but merely 
to. #how, in a conclusive manner, that despatch and 
public ^ccomn^odation would be obtained by such a 
system with much greater difficulty in that line of road 
thw iipctn any other hitherto constructed. 

It miist be admitted that accidents with Engines 




applies with equal force to both systems, but accidents 
with the ropes are the most general sources of delay, 
from which the Locomotive system is entirely free. 
When ahne of rope always occupies the centre of the 
Railway, it is almost absolutely necessary, to prevent 
accidents at the crossings of turnpike roads, that the 
level of the Railway should either he considerably 
above or below the common road, (o admit of bridges 
being constructed. This creates an increase in the 
original outlay, which may in some instances be very 
serious, if not nearly impracticable. Mr. Walker, 
with a view to avoid the Railway carriages coming 
into contact with carts on the common roads, where 
they cross on the same level, proposes to attach what 
are technically called " friction clutches" to the Engines, 
so that the trains may be stopped by powerful brakes 
when necessary, whilst the Engines and the other 
trains continue to move at the regular velocity. This 
expedient is certainly practicable, but it would injure 
the ropes very seriously when the requisite force is 
applied by the brakes to stop the train of carriages, 
because the friction of the clutch must greatly exceed 
the resistance of the train, since it must be more than 
sufficient to give motion to them from a state of rest 
at each station. The inconvenience from such an 
adaptation of friction clutches would not stop here, 
but would give rise to an irregularity at each Engine 
station, from the trains, moving in opposite directions, 
not arriving at the same instant of time, which is cer- 
tainly necessary to secure that despatch which Mr. 
Walker calculates upon in other parts of his Report. 



I 

I 

I 



i ui um ivtpuri. h 




57 

Auotlier contrivance is suggested, viz. : — " By cou- 
" nectiiig the head and tail ropes together under the 
*' train, by a contrivance instantly to disengage the 
" train from the rope, and by proper signals of ap- 
" proach, any chance of accident to persons or cattle 
" crossing would be very much lessened." 

We either do not understand Mr. Walker's idea, 
from the explanation he has given, or it is quite im- 
possible to carry the suggestion into effect. 

If the head and tail ropes are connected under the 
train, they will continue to move after the train is dis- 
engaged, and will continue to do so though the train 
may be brought to rest ; therefore the junction of the 
head and tail ropes cannot be replaced under the train, 
but will arrive at the station before it. This being the 
case, instead of disconnecting the head and tail ropes 
from each other at the station, the Kngine must con- 
tinue to wind the tail rope ou the drum until the train 
arrives, or the ropes must be disengaged, and the train 
brought forward by manual labour or horses, wherever 
it may be situated, to the Engine station. 

This never can have been contemplated by Mr. 
Walker j indeed without an endless rope, the train 
cannot be disengaged during the passage from station 
to station. 

The conveyance of intelligence, from one Engine to 
another, in the Stationary system, is liable to be inter- 
rupted by foggy weather when telegraphs are adopted. 
Bells are sometimes resorted to, but their operation is 
also uncertain, being influenced by the direction and 
strength of the wind. The necessary intelligence may 
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also be conveyed from one station to the other by 
attaching the tail-rope to the train, and applying the 
Engine to drag it, together with the head-rope» in a 
contrary direction : this gives motion to the drum at 
the adjoining station, and signifies that the carriages 
are ready for proceeding, 

, Though this is the most certain method when the 
state of the atmosphere renders the common telegraph 
useless, it occupies too much time where despatch is 
of vital importance. 

From the local situation of the Liverpool and 
Manchester Railway, it is evident that, in a very few 
years, several branches from the various towns on 
each side will join the main line. Hence the traffic 
on the different parts of the line will annually undeiigo 
some modification. If, however, the Stationary system 
were established in the outset, it would be necessary 
to construct the Engines of sufficient power to meet 
any probable increase of this kind. If the Engines 
were not possessed of such extra power, and only 
made adequate to the trade already contemplated to 
exist between the ends of the line, it is evident that 
much personal inconvenience, as well as a positive 
detriment to the trade, would be experienced. 

We allude to this to show that much difficulty 
would arise in adjusting the powers of the Engines 
requisite for the different parts of the line of road 
between Liverpool and Manchester, excepting, indeed, 
they were all -made very powerful to meet any future 
increase of trade. If such a provision were not made, 
we may suppose that goods froip one end of the line 
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is equal to tiie full performance of the Engines ; in 
this case, the goods from any intervening town or 
branch-line must be detained until the more distant 
trade subsides. It is unnecessary to make any 
comment on the consequences of sucli a detention. 

Wherever the Stationary system is adopted, it is 
evident that every branch-road must form a junction 
at an Engine station, which will very frequently cause 
a material increase of expenditure in the formation of 
such branch Railways, and, therefore, produce a cor- 
responding increase in the cost of conveying goods 
from town to town. The whole of these difficulties, 
which are inseparable from tiie Stationary system, on 
a public line of road, where the trade must necessarily 
fluctuate, are easily and effectually obviated with 
Locomotive Engines, for should the trade in any part 
undergoatemporaryincrease or decrease, the requisite 
power may be immediately applied or withdrawn. 

Many other practical considerations might be 
adduced to exemplify the great superiority of the 
Locomotive over the Stationary system on a public 
Railway, but they are of a description not easily 
understood or duly appreciated, except by those who 
have had experience and frequent opportunity of wit- 
nessing the daily operation of machinery on Railways. 
Obstacles often arise from casualties, which, by bare 
mention in this place, would appear frivolous, whereas 
to the practical man they are of importance, and tend 
to demonstrate that it is of great consequence to adopt 
a system, the efficient operation of which, as a whole, 
is not dependent on each individual part. 



^ 
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Account of the Competition of Locomotive Engines for 
a Premium of j6500, offered hy the Directors of 
the Liverpool and Manchestet^ Railway Company ^ 
contested at Rainhill in October^ 1829. 



The intense interest excitbd by the offer of this 
premium was almost unparalleled ; the friends of 
Locomotive Engines hailed it as an era which was to 
create one of the greatest changes in the internal 
communications of the kingdom that had ever yet 
taken place. The canal proprietors dreaded lest the 
issue of these trials should prove that a more econo- 
mical mode of conveyance might be established ; and 
the projectors of the Railway viewed the experiment 
as one calculated to make that grand work profitable 
to themselves and beneficial to the country, or show 
to them that an immense expenditure had been 
incurred which might otherwise have been avoided. 

The public were not idle spectators : they considered 
the successful termination would not only confer 
individual benefits and local advantages^ but a great 
national good, by introducing a system of conveyance 
throughout the country which is at once easy, safe. 
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expeditious nm\ cconoiiiica!, affording to the poor a 
luxury hitherto denied to them, and to the more 
opulent a despatch which hitherto no sum could 
purchase. There are few classes that such a change 
would not, in some degree, affect. A reduction in 
the price of coal may be said to affect all ; the same 
may be said of a reduction in the rate of carriage, and 
particularly as it regards the manufacturer, who, as is 
generally the case in this country, is so internally 
situated, as to be compelled either to relinquish a 
portion of his profits, or lay an additional price on the 
manufactured article, on account of the expenses 
arising from conveyances. The facility afforded for 
conveying all kinds of agricultural produce.for bringing 
into cultivation those lands which, on account of their 
remote situations and want of proper communicatiou, 
have been so long neglected.* 

The enormous expense of maintaining such an 
establishment of coach-horses, as the increase of 
travelling within the last few years has so fearfully 
augmented, is a subject too serious to be overlooked, — 
to say nothing of the cruelties so often practised on 
these poor animals, and which tends so much to lessen 
those enjoyments which travelling would otherwise 
give. We need only consider the tax which such an 
establishment involves on the country, and then say, 
whether the introduction of Steam power is not " a 
consummation devoutly to be wished." 

* The method now adopted for cultivating Chat Moss, by means 
of Railways, exemplifies this poiition most strikingly* 
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Id a political as well as in a military point of view^ 
we would also remark, that the facility of moving 
with great rapidity from one station to another, shows 
how a whole nation may be concentrated. Distance 
may very properly be estimated by the time required 
to traverse it : thus Liverpool may be said to be 4^ 
hours from Manchester, and 22 hours from London ; 
but since 30 miles an hour has been found to be 
attainable, Manchester would only be 1| hour and 
London 7 hours from Liverpool. From this view of 
the subject, ever^ town in the kingdom would be 
brought nearer to each other, and the whole civil or 
military force of £ngland might be concentrated in 
any given point within the period of a few hours. The 
last, though not by any means the least important 
consideration, is the saving in time. It may be inferred 
that time spent by men of business in travelling from 
one place to another (except expressly for pleasure), 
is lost, because it is turned to no profitable account : 
thus a person who makes two journeys from Liverpool 
to Manchester and back in a week, spends on the 
road 18 hours, which might be accomplished in 5 
hours, efiecting a saving of 13 hours per week, which 
is no less than five years of his life. When these 
advantages are properly estimated, it will not appear 
surprising that these trials should have produced so 
general an interest. 

The day fixed for the competition was the 1st of 
October, but, to allow the Engines sufficient time to 
get into good working order, the Directors extended 
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it to the 6th. The following conditions were issued 
from the Board previously to the day of running : — 



« 



Railway Office, Liverpool, Z5th April, 1829* 

" STIPULATIONS AND CONDITIONS 



€€ 



On which the Directors of the Liverpool and Manchester RaUway offer 
a Premium of £500, for the most improved Locomotive Engine. 



** Ist The said Engine must effectually consume its own smoke, 
according to the provisions of the Railway Act, 7th Geo. 4. 

^* 2d. The Engine, if it weighs six tons, must be capable of 
drawing after it, day by day, on a well-constructed Railway, on a 
level plane, a train of Carriages of the gross weight of twenty tons, 
including the Tender and Water Tank, at the rate of ten miles per 
hour, with a pressure of steam in the boiler not exceeding 50 lb. on 
the square inch. 

'* Sd. There must be two safety vdives, one of which must be 
completely out of the reach or control of the Engine-man, and 
neither of which must be fastened down while the Engine is working. 

'^ 4th. The Engine and Boiler must be supported on springs and 
rest on six wheels ; and the height, from the ground to the top of 
the chimney, must not exceed fifteen feet. 

" 5th. The weight of the Machine, with its complement of water 
in the boiler, must, at most, not exceed six tons ; and a Machine of 
less weight will be preferred if it draw after it a proportionate weight ; 
and if the weight of the Engine, Sec. do not exceed five tons, then 
the gross weight to be drawn need not exceed fifteen tons, and in 
that proportion for Machines, of still smaller weight, provided that 
the Engine, &c. shall still be on six wheels, unless the weight (as 
above) be reduced to four tons and a half or imder, in which case 
the Boiler, &c. may be placed 6n four wheels. And the Company 
shall be at liberty to put the Boiler, Fire Tube, Cylinders, &c. to 
the test of a pressure of water, not exceeding 150 lbs. per square 
inch, without being answerable for any damage the Machine may 
i«ceive in consequence. 
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** 6th. There must be a mercurial gauge affixed to the machiiie^ 
with index rod, showing the steam pressure above 45 pounds per 
square inch, and constructed to blow out at a pressure of 60 pounds 
per inch. 

'^ 7th. The Engine to be delivered complete fcMr trial at the Liver-« 
pool end of the Railway, not later than the Ist of October next. 

'' 8th. The price of the Engine which may be accepted not to 
exceed £550. delivered on the Railway, and any Engine not approved 
to be taken back by the owner. 

'* N. B. The Railway Company will provide the Engine Tender 
with a supply of water and fuel for the experiment. The distance 
vrithin the rails is four feet eight inches and a half." 

The gentlemen appointed to be judges on this 
occasion were Mr. Wood, of Newcastle-upon-Tyne ; 
Mr. Rastrick, of Stourbridge; and Mr. Kennedy, of 
Manchester. 

The number of Engines entered for the prize was 
five, viz. : — 

OMmtfTs. Nome ofEnginn. Weig^ 

Mr. R. Stephenson ''The Rocket" 4tons5cwt. 

Messrs. Braithwaiteand Ericsson../' The Novelty" 3 „ I 

Mr. Hackworth "TheSans PareU"...* „ 15^ 

Mr. Brandreth's (Horse Machine).." The Cycloped" 3 „ 

Mr. Burstall..... " The Per8everance".2 .^ 17 
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On the morning of the 6th the ground at Rainhill 
exhibited a very lively appearance ; several thousand 
persons vrere collected from all parts of the country, 
amongst whom were several of the first Engineers of the 
day. A commodious tent had been erected for the 
Accommodation of the ladies, which was graced by the 
boauty and fashion of the surrounding neighbourhood ; 
(lu^ Hitlosof the race-ground were lined with carriages of 




all descriptions ; — in short, the tout ensemble exhihited 
as ranch bustle and excitement as if the great St. 
Leger had been about to be contested. 

The Rocket of Mr. Stephenson was first called out. 
This Engine is placed on four wheels. The boiler is 
cylindrical, having 25 tubes passing directly through 
it, for the purpose of conveying the heated air frpm 
the fire which is contained in a " fire-box" attached 
to one end of the boiler. The cyhnders are fixed on 
the sides of the boiler, and work diagonally to the 
outside of the two fore-wheels of the Engine. These 
wheels are 4 feet 8 inches in diameter ; those on which 
the " fire-box" rests are only 2 feet G inches. 

This plan of passing tubes through the boiler was 
suggested by Mr. Henry Bootli, the Treasurer to the 
Railway Company, whose object was to exp(tse the 
greatest surface to the action of the heated air with 
the least area of tube: by this means the heat is rapidly 
transmitted into the water, and prevents tliat escape 
into the chimney to which large pipes are more or less 
subjected. 

The weight of the Rocket being A^ tons, the load, 
according to the conditions already cited, was 12;|tons, 
raaking the total mass in motion 1 7 tons. The distance 
run at full speed was 12 miles, which was accom- 
plished in 53 20", being at the rate of 13| miles an 
hour. 

This being only a preparatory trial, no account was 
kept of the consumption of fuel, or of the other 
circumstances requiring consideration. 

The Novelty of Messrs. Braithwaite and Ericsson 
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was next exhibited. This Engine is so far novel as to 
carry the requisite quantity of water and fuel on the 
same carriage with the Engine. It consists of an 
upright boiler or steam reservoir, at the bottom of 
which is the fire-place, surrounded with water ; the 
fuel is conveyed down a small tube which passes 
through this boiler, and combustion is supported by 
means of a blast worked by the Engine. From the 
bottom of this boiler another, of a cylindrical shape, 
passes horizontally above the main axles of the 
carriage, and a pipe, twice returned, passes through it 
for conveying the heated air from the furnace. The 
cylinders are placed perpendicularly with cross heads, 
working to two bell-cranks, which are connected by 
rods to the main axle of the carriage. 

The appearance of the Novelty is very much in its 
favour: the machinery is ingeniously contrived to 
work out of sight, and the whole forms as compact a 
machine as can well be imagined. 

The day being far advanced, and some dispute 
having arisen as to the method of assigning the proper 
load for the Novelty^ no particular experiment was 
made,furtherthan that the Engine traversed the course 
by way of exhibition, occasionally moving at the rate 
of 24 miles an hour. 

The Sans Pareil of Mr. Hackworth was also 
exhibited. This Engine dilffers very little in its con- 
struction from those used pn the Darlington Railway. 
The fire is contained in a tube which is continued 
along the inside of the boiler, and is returned back 
to the same end at which it entered. The cylinders. 
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as ia the Novelty, are placed perpendicularly, and the 
pistons work from beneath to the connnectiDg rods 
which are attached to the outside of the two fore- 
wheels of the carriage. No particular experiment 
was made with the Saris Pareil on this day. 

October Ith. — In consequence of the dispute above 
alluded to, the judges thought proper to draw up a 
new list of conditions, which was printed and circulated 
on the ground. The following is a copy : — 

" The weight of the Locomotive Engine, with its full complement 
of water in the boiler, shall be ascertained at the Weighing Machine, 
by eiglit o'clock in the morning, and the load assigned to it shall be 
three times the weight thereof- The water in the boiler ahall be 
c»Id, and there shall be no fuel in the fire-place. As much Aiel 
shall be weighed, and as much water shall be measured and delivered 
into the Tender Carriage, as the owner of the Engine may consider 
sufficient for the supply of the Engine for a journey of thirty-five 
miles. The fire in the boiler shall then be lighted, and the quantity 
of iiiel consumed for getting up the steam shall be determined^ and 
iSoA time noted, 

" The Tender Carriage, with the iuel and water, shall be con- 
sidered to be and taken as part of the load a£signed to the Engine. 

" Those Engines that carry their own fuel and water, shall be 
allowed a proportionate deduction from their load, according to the 
weight of the Engine. 

" The Engine, with the Carriages attached to it, shall be run by 
hand up to the Starting Post, and as eoon as the steam is got up to 
fifty pounds per square inch, the Engine shall set out upon its journey. 

" The distance the Engine shall perform each trip shall be one 
mile and three-quarters each way, including one-eighth of a mile at 
each end for getting up the speed and for stopping the train ; by this 
means the Engine, with its load, will travel one and a half mile each 
way at liill speed. 
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" The Engine shall make ten tnps^ which will be eqnsl to a 
journey of thirty-five miles^ thirty miles whereof shall be performed 
at full speedy and the average rate of travelling shall not be less than 
ten miles per hour. 

" As soon as the Engine has performed this task (which will be 
equal to the travdling^ firdm Livei*pool to Mancdester)^ there diall be 
a fi*esh supply of fuel and water delivered to her ; and, as soon as 
she can be got ready to set out again^ she shall go up to the Starting 
Post, and make ten trips more, which will be equal to the journey 
from Manchester back again to Liverpool. 

" The time of performing every trip shall be JEUxmrately noted, as 
well as the time (occupied in getdhg ready to set out on the second 
journey. 

" Should the Engine not be enabled to take along vrith it sufficient 
fud and water for the journey of ten trips, the time occupied in 
taking in a fresh supply of fuel and water shall be considered to be 
and taken as part of die time in performing the journey. 

Liverpool, October 6, 18fi9." 

Before the Judges arrived oh the ground the Nw>diy 
h^d been got ready fbr the |)drpo8e of tryidg the load 
which the Judges iiad assigned to it yesterdiay, and, 
before the second trip was accomplished, the bellows 
for creating the blast gave way^ and rendered the 
Engine incapable of going through its t^^enuatara mi 
this day. 

A defect having been discovered in the boiler of the 
Sans Pam/, the Judges allowed Mr. Hack worth some 
further time to get it repaired. 

To lessen the disappointment which these accideutd 
occasioned to the numerous assemblage of anxious 
spectators, the RocUet vf^i^ brought out, and a coach, 
capable of containing thirty persons, attached to it, 
which was moved at the rate of 24 to 30 miles an hour. 




to the great gratification of the several parties who had 
thronged during theday to enjoy soextraordinaryaride. 
This evening the Judges ordered the Rocket to be 
in readiness at eight o'clock on the following moruingj 
to go through its definitive trial according to the new 
conditions. 

October 8tk. — The Rocket, after having got a 
sufficient supply of water in the boiler, was weighed 
on the Machine, and found to be 4 tons 6 cwt. The 
load therefore was — 

Tata. Cat. Qrs. Lbt. 

Engine 4 5 o 

Tender, &c 3 4 2 

Two Carriages loaded with Stones 9 '0 3 26 

Whole mass in motion IT ODD 

The time occupied in getting up the steam to SO lbs. 
CD the square inch was 57 minutes, and the fuel 
weighed out for the purpose was 142 lbs. of coke; 
but, since the " fire-box" was full of ignited coke when 
the steam was up, we cannot say how much was 
actually consumed in the process; neither do we 
consider this of much importance, because the quantity 
of steam generated will always be in proportion to the 
quantity of fuel consumed, and in instituting an inquiry 
into the comparative merits of Engines, a superiority 
in principle will show itself more readily when fully 
at work than in the mere operation of getting up the 
steam. 

The length of the course was 1^ mile, exclusive of 
^ of a mile at each end for stopping and getting up the 
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speed of the Engine, train, &c. as shown by the 
following diagram : — 

No. 1. No. S. 

^^^ t Imfle. t U mile at fan ipeed. t'^jmflet ^^^ 

LrreL 

The nnmber of trips for the first experiment was ten, 
making the distance travelled at full speed 30 miles, 
and the total distance 35 miles. 

The following Table will show the time occupied 
in passing along the stage in each direction, and also 
the time lost in stopping and getting up the speed of 
the train at each end. 



EXPERIMENT FIRST. 
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..57' 40" 


^"Si^'"} 2" 1*' 8" 
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This part of the ** ordeal*' being completed, the 
Engine ran down to the watering station and took a 
fresh supply of water ; it then ran back to the starting 
post, and after having taken in some more faei, it 
prepared for the second journey. 

The time occupied was 14' 34'\ 



EXPERIMENT SECOND. 





Time of stop- Tlmegoingw«8t Time goinveast 


Time of stop* 




piiiffmiidiettiBC 


from Poet No. 8 from Poet No. 1 


pingaadgettlDf 




up the speed. 


to Post No. 1. 


to Poet No. 8. 


ap the speed. 




wmn nrsw 






■AST aHD. 




Jfin* A0b 


Jfiii. 8tc» 


Mbu See. 


MUm* Sec* 


Started at 


I S8 


••• ••« 


6 15 


•.• ••• 


«• «' 12" 


••• ••• 


7 S2 


••• ••• 


2 08 


■ 


2 25 


••• ••• 


5 57 


••• ••• 




••• • • • 


7 20 


••• ••• 


2 2S 




2 SO 


••• ••• 


5 17 


•.• ••• 




«•• ••• 


6 12 


••■ ••• 


2 59 




2 47 


• •• •*• 


7 06 


••• ••• 




• • • •• • 


6 47 


••• ••• 


S 40 




2 41 


•« • •• • 


6 05 


•.• ••• 




• • • •• • 


6 SS 


• •• ... 


2 11 




2 48 


..• •.• 


5 51 


••• •«• 




•• • ••• 


7 18 


• . ... 


2 S2 




2 02 


•• • • .. 


6 09 


••• «•« 




• • • • •• 


7 46 


, • • • •*• 


2 29 




2 18 


... ••. 


5 2S 


... . .• 




••• ••• 


8 19 


.. • • . . 


S S8 




2 IS 


..• ••• 


5 25 


... •.• 




• •• •• ■ 


6 32 


... .. • 


2 06 


Ended at 


1 '57 


•.• ••• 


S 44 


«•• ••* 


5« 0' 21'' X 


45 


5 18 


... ... 


2 10 


Whole time 


24' 04" 


lo g^ sr 


57' 12' 


26' 16" 


go 57/ 09" 


2ff le'' 




1« 9' S7" 




Total stoppages .. 


....50' 20" 


''tiSr'°}2*^ ^ ^^ 





In the foimer of these experiments 30 miles were 
travelled in 2^ 14' S'\ which is at the rate of ISA 
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miles per hour, aad the ttine occupied at hot)) ends of 
the stage, in stopping and getting up the speed of the 
train, was 57' 40'', during which time the Engine 
travelled 5 miles. 

In the latter experiment 30 miles were travelled 
in 2^ & 49"', which is at the rate of 1 4A miles per 
hour, and the stoppages at the ends amounted to 
50" 20"^ during which time the Engine travelled 5 miles. 

The quantity of fuel consumed in 70 miles was 
10B5lfos. of coke, which, by taking the whole mass 
moved, viz. 17 tons conveyed oy^r 70 miles, or 1 190 
tons over one mile, gives 0.9 libs, per ton per mile; 
or, if we deduct the Engine and tender, «md consider 
the available load only, it will be 1.63 lb. per ton per 
mile. 

The quantitjr of water used in 70 miles was 580 
imperial gallons. 

In referring to the Tables, it will be found that the 
last trip of 3 miles, in each experiment, was made at 
the rate of 19f miles per hour ; and the last eastward 
trip of 1|^ mile was performed in 3' 44", which is 
upwards of 24 miles per hour. This fact shows that 
the Eogine was working quite within its power, having 
in both experiments a reserve of steam for the last 
journey. 

These experiments show that there is more friction 
in propelling l^e train tb.^n in drawing it, for it will be 
seen in the Table, that the time occupied in traversing 
the westward trip was almost invariably longer than 
in the contrary direction ; and th^ waggocis w^re 
propelled before the Engipe ip ^iog westwar^^ iml 
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drawn behind it in going eastward. If» in the last 
experiment we take the time for the eastward trips 
only, we shall have 57' 12" in running 15 miles, which 
is at the rate of 15f miles per hour ; aud since in prac- 
tice the train may always be drawn after the Engine, 
the average rate of speed may be taken at 15f miles 
per hour. 

Neither the Novelty nor the Sans Pareil being 
ready to enter upon their trials, the Judges deferred 
the further prosecution of the experiments until the 
12th, so as to give the owners of these Engines an 
opportunity of getting every thing ready. Subse- 
quently, however, to this arrangement, Messrs. 
Braithwaite and Ericsson requested that their Engine 
might be tried on Saturday the 10th, which the Judges 
very readily granted, and an advertisement appeared, 
stating that this Engine was to be tried on that day, 
and that it would perform more work than any Engine 
on the ground. 

The 9th October then became a "dies non." 

On thelOth October an unusual assemblage collected 
on the course to witness the exhibition of the Novelty^ 
and this being Saturday, it was fully expected that 
the trials on this day would give some idea as to 
whom the premium would ultimately be awarded. 

The Novelty was weighed, and after deducting the 
weight of the water and tank, was found to be 3 tons 
1 cwt. As this Engine was constructed to carry its 
own water and fuel, the judges had some difficulty in 

L 
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aMigoing its proper load ; however, after imicb dis* 
coKiOD, tbey resolved on the following method : — 

That since the Rochet weighed 85 cwt. and carried 
191 cwt. of nsefol wdght, then the Novelty ^ weighing 
61 cwt should, by a mle of three qnestion, take 137 
cwt. of osefbl weight, leaving each of the Engines to 
carry their fuel and water in their own particular way. 

The weight of the whole train then was as follows : — 



Tms. CwL Qri. Lbt, 

Engine, wator tank, wator, and fbeL 3 17 14 

Tw» Canriages leaded widi stones. 6 17 

Whole maa in motion. 10 14 14 



The time occupied in getting up the steam to 50 lbs. 
on tiie square inch was 54' 40'', and the quantity of 
fuel weighed out for the purpose was 66 lbs. of coke 
and firewood ; but for reasons before given, it was not 
ascertained how much remained in the furnace after 
the steam was up. 

At eleven o'clock the Novelty commenced and 
passed the first post in good style, but in returning the 
pipe from the forcing pump burst, and put an end to 
the trial. The average rate of speed when in motion 
was upwards of 1 5 miles an hour, but since the distance 
was so short, it was impossible to form a correct 
estimate either of the powers of the Engine or of the 
consumption of foel. 

The pipe, however, was in the course of the day 
repaired, and the Engine made several trips with a 
coach (in which were many scientific gentlemen) at 
the rate of 24 to 28 miles per hour. 
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It was then agreed that the Sans Poret^ should 
perform its task on Tuesday the I3th, and that the 
iVow(?%sliouldbeallowed another trial on Wednesday 
the 14th, these performances to conclude the contest. 



The Sans Pareil having been at work during the 
night, the water in the boiler was still hot, and 
consequently no notice was taken either of the time 
or the quantity of fuel required to raise the steam to 
50 lbs. on the square inch. This part of the inquiry 
being of so little consequence, the Judges did not 
think it necessary to attend to it, particularly since 
much time would have been lost in ascertaining it. 

The Engine, with its complement of water in the 
boiler, was then placed on the weighing machine, and 
found to be 4 tons 15| cwt. One of the conditions 
issued by the Directors was, " that if any Engine be 
more than 4| tons weight, it must be placed on six 
wheels;" and, since the Sans Pareil was not on six 
wheels, the Judges considered that it was not entitled 
to compete for the premium. 

Mr. Hackworth contended that his Engine was not 
above weight, and that the weighing machine was not 
correct; however, it was at length thought advisable 
to let the Engine run on the same footing with the 
others, and see whether its merits entitled it to a more 
favourable consideration. 
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The weight of the whole train was as follows :- 



CwL Qn. Lbt, 

Engine- 4 15 2 O 

Tender, water^ and fad » 3 6 5 

Three waggons loaded with 8taiie....I0 19 S 



Whole maw in motion.. 



19 



The manner of performing this experiment was 
precisely similar to that with the Rocket. 





Time of gtop- 








pfngand getting 


from PMC Na 2 




[pingaii^sctting 




npthefpecd. 


to Post No. 1. 


to Post Nat. 


qptlietpecda 




wnr nrnw 






XAfcr xirn. 




Mbu See. 


Jftea &e. 


Jfta. SflB. 


JVffl. Stt* 


Started at 


1 9 


a a m»u 


5 9 


aa. •.• 


10^ 10' 21" 


... ... 


7 37 


aa a aaa 


S 6 




2 12 


• a. •■ 


6 s 


aaa aa* 




... • • • 


7 8 


•m» ••• 


2 1 




2 11 


... aa a 


6 8 


aaa aaa 




. • • . • 


7 21 


aaa ••» 


2 11 




2 S5 





5 34 


a . . aaa 




• . • • . • 


6 34 


aaa aaa 


1 52 




2 35 


a a a a • a 


3 59 


• m» mm » 


- 


... a • • 


6 56 


aaa * .a 


1 55 




2 40 


a .. a . . 


6 1 


•»• ••• 




• •• *• • 


7 12 


... . . 


4 11 




2 54 


a • a am » 


6 22 


a .. ... 




•• • ... 


8 1 


•.. ... 


2 34 


Ended at 


3 31 


aa a a . . 


5 31 


... ... 


12<» 55' 0" 


* • • • a 


• •m . . 


••• •*. 


3 18 




19' 47" 
20' 08" 


50' 49" 


46' 27" 
50' 49" 


20' 08" 


Total stoppages... 


...39' 55" 


Time when in\ lo oni %an 
motion. / * ^' *" 





In returning westward in the eighth trip the cold 
water pump got wrong, and from want of a supply of 
water in the boiler the leaden plug was melted » and 
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the water and steam rushed into the chimney, and put 
an end to the experiment, 

From the time of starting to the time of arriving at 
thepostNo. 2 in the eighth trip, a distance of 22| miles 
was ran in 1" 37' 16", which is at the rate of 13f miles 
per hour, and the time occupied in stoppages was 
39' 55", during which time the Engine and train 
travelled 3^ miles. The whole distance then is 26^ 
miles, but since the Engine had got a considerable 
way in returningthe eighth trip, the whole distance run 
to the time of stopping was 27§ miles. The consump- 
tion of coke was 1 269 lbs. in carrying 19A over the 
space of 27|^ miles, or 625:| tons over 1 mile, and 
which gives 2T5lbs. per ton per milefor the whole mass 
moved, or by deducting the weight of the Engine and 
tender gives 4t lbs. of coke per lou per mile nearly. 

The quantity of water used in 27^ miles was 274 
Imperial gallons. 

Before the Engine could be got ready again, it 
became too late to continue the experiments. 

October lAth. — This being the day on which the 
premium was to be won, there was an unusual assem- 
blage of visitors. 

The Novelty was again brought out, and the usual 
preliminaries being gone through, it made a trip by 
way of rehearsal, to see if all its working parts were 
in good order. This being ascertained, the Engine 
was brought up to the starting post, and the same 
load being attached to it as on the 1 0th, it started on 
its journey. 
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The first trip of 3 miles was perfomed in Iff 4S'\ 
which is at the rate of lOf miles «b hom*« la the 
secood trip the pqpe which €onwey% the heated air from 
ike ftumace ibroog^ (the fasraoDtal boiler collapsed, 
«Dd Ihe isteam, foffdng its way into the fire place, was 
evolved firom 4he bottom of the furnace into the at- 
jDQsphrae. This fidkire was at the time attributed to 
Ihe yieldiag of a ^ ^reeo joint,** and was considered as 
such by the Judges ; but baring seen the pipe when 
at was taken out, we feel coimnced that its fSeulore 
akme wasanficieottoaccoant for the accident, without 
the addition of any Joint giving way. 

TbeiV^praif/y was then withdrawn, aud Mr.Haek worth 
teqnested that be might be allowed another trial. The 
Judges refused, on the ground that his JSi^ne was 
not only above weighty but that it was on audi a <xm»- 
stmction as they could not recommend to the Directors 
of the Company. 

The Perseverance of IVIr. Burstall, which bad melt 
with an accident on its way to the course, had been 
got ready and brought out this day, but not being able 
to move at more than 5 or 6 totles per hour, Mr. 
Burstall declared that be had no intentioaof camping 
for the premium. 

We believe also that Mr. Brand reth withdrew the 
Cycloped. 

The course was thus left clear for the Hockel^ which, 
after having gone through the ** ordeal," and fulfilled 
every stipulated condition, was pronounced by all to 
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be fully entitled to the prize; and to show that it had 
been working quite within its powers, Mr. Stephenson 
ordered it to be brought mi the ground and detached 
from all incumbrance, and in making two tiips it 
moved at the astonishing rate of 35 miles an hour. 

These experiments haye accomplished one very 
material object, and that is, getting rid of the smoke. 
Every Engine wa3 constructed for using coke, and 
every one present must agree that in this respect they 
ail fulfilled the conditions imposed, for there was not 
one particle of smoke to be perceived. 

In considering llie high velocities which each 
Engine attained with its load, we feel convinced that 
the loads assigned were too small. The conditions 
stipulated that each Engine should take three times 
its own weight at the rate of 10 miles an hour; but 
we find them moving from 14 to I.<1| miles, and in one. 
instance at 24 miles an hour, with this load ; and the 
subsequent trials with the Rocket, given in our 
" Observations, &c." page 26, have shown that even 
with a load of nearly eight times the weight of the 
Engines, a speed of 13 miles an hour was maintained. 
We name this, because when the weight of an Engine 
becomes one-fourth of the whole train, instead of one- 
ninth, the consumption of fuel, when estimated on the 
goods and waggons only, is very materially increased ; 
for instance, in the " ordeal" which the Rocket passed 
through, 1 190 tons gross weight were conveyed over 
1 mile with 1085 lbs. of coke, which is equal to 0.91 
of a lb. per ton per mile, or by estimating the goods 
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and waggons only is 1.63 lb. per ton per mile; but 
if a gross load of 37^ tons bad been conveyed over 
the same distance, or 2607 tons over 1 mile, tben the 
consumption of coke would be thus: — If 1190 tons 
require 1085 lbs., then 2007 will require 2377 lbs., 
which gives for the gross weight 0.91 of a lb. per ton 
per mile, as above, but considered on the available 
weight only is reduced from 1.63 lb. to 1.13 lb. per 
ton per mile, which is very nearly one-third less. 

In corroboration of the truth of this method of 
reasoning, we will give the results of an investigation 
made with such a load as we consider to be about the 
average for economical purposes. The Engines with 
which the two following experiments were made are 
precisely similar in the principle of their construction, 
and differing only from the Rocket by having a greater 
number of tubes of a less diameter passing through 
the boiler. 



EXPERIMENT FIRST. 



A load of 34j tons was conveyed over a space of 
43^ miles, which is equal to 1500 tons conveyed over 
1 mile, with a consumption of coke amounting to 
1422 lbs., which is equal to 0.94 of a lb. per ton per 
mile, and if we add the weight of the Engine and 
Tender (7 tons) it will be equal to 1804 tons conveyed 
over 1 mile, and the consumption of coke will be 0.78 
of a lb. per ton per mile. 

The average speed when in motion was from 10 to 
12 miles per hour. 
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EXPERIMENT SECOND. 



A load of 28 tons was conveyed over a space of 

364 i^^l^^t ^^^ ^ 'o^d ^^ 3^4 toi^s ^^^i* ^ space 
of 6 miles, which is equal to 1208 tons conveyed 
over I mile, with a consumption of coke amounting 
to 1008 lbs., which is equal to 0.83 of alb. per ton per 
mile, or by adding the weight of the Engine and 
Tender, as in the former experiment, will be 0.67 of a 
lb. per ton per mile. 

To these may be added an experiment which has 
been made with the Novelty^ which, since the com- 
petition, has undergone considerable alteration. An 
additional cylinder, expressly for working the bellows, 
has been applied, and a more effectual conimunicatioq 
made between the horizontal boiler and the steam 
reservoir. The pipe which conveys the heated air 
from the furnace has also been lowered, in order to 
prevent a recurrence of the accident which proved 
fatal to it during the triaU for the premium. Ail 
these are decided improvements, and have enabled 
the Engine to work for a much longer time together 
than it was before capable of doing ; at the same time 
they have added to its weight. 

The distances and loads taken were as follows :-^ 



Tons. 

S miles with 7 

S ditto „ 17 

28^ ditto „ 28 

St ditto ,, 25 


Cwt. 

9 
6 
1 


tons 

> • • • • •% < 


Qrs. Tcfu. 
2 equals 22 
S ditto 52 

ditto 799 
ditto 81 


Cifft. 

8 

8 
5 


Qrs. 
2 over one mil^ 

1 ditto 

2 ditto 
ditto 


Total number of 
over one mile.. 


conveyed |g^^ 


2 


1 





M 



m 

The consumption of fuel was 588 lbs. of coke, which 
is equal to 0.614 of a lb. per ton per mile — or, by 
adding the weight of the Engine as in the former 
cases (four tons), will be 0.53 of a lb. per ton per mile. 

In comparing these experiments with those made 
in October, we find them much more favourable, both 
in regard to the consumption of fuel and in the loads 
conveyed. Indeed, we consider that the performances 
during the competition have not produced any result 
that can fairly be called superior to the daily perform- 
ance of other Engines then in use. We admit that a 
greater speed was attained than had been contem- 
plated, but the loads attached to each Engine were 
too small to show that their application would be 
attended with so much economy as more recent 
experiments have demonstrated. The Directors, in 
apportioning the loads, were no doubt influenced by 
the Report of Messrs. Walker and Rastrick, who fixed 
on \9^ tons of goods and waggons as a proper load 
for an Engine weighing 8 tons ; and they also stated, 
that to increase the power of the Engine, that is, to 
enable it to take more than 19| tons at 10 miles an 
hour, a corresponding increase to its weight must 
necessarily take place. The whole of the experiments 
have given so decided a negative to thia statement, as 
to require no further condiment. 

Locomotive Engines, as well as Railways, maybe 
said to be yet in their infancy, and but partially 
understood : when properly applied we believe they 
will be found highly advantageous ; but we fear lest 
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the opinion which has got too widely circulated, that 
Locomotives will ascend steep inclinations, may re- 
tard their introduction even where they are best fitted. 
We should be sorry to see their powers abused, for 
we doubt not but, when the Liverpool and Manchester 
Railway shall have been opened so as fully to de- 
velope the uses to which they may with safety be 
applied, that their introduction will become general 
throughout the kingdom. 



Printed by Wales and Bainet, 
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CHAPTER I. 

INTRODUCTION—PARLIAMENTARY PROCEEDINGS. 

The adoption of Railways as a means of inland 
communication, for the transit of merchandise and 
passengers, forms an era no less remarkable than the 
first introduction of Canals, and constitutes a change 
in the long-established modes of conveyance no less 
striking and important. The Railway, however, is by 
no means a recent invention: nearly two centuries 
have elapsed since the first partial introduction of 
Tram-roads, rudely constructed of wood, at a trifling 
outlay of capital and still smaller expenditure of 
scientific arrangement. The substitution of iron for 
wood was a great improvement ; but the form of the 
rail continued for a long time very objectionable, con- 
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sisting of flat pieces of cast-iron laid on the ground, 
with a side flange rising two or three inches to confine 
the wheel to its proper track. The rails thus resting 
on the ground, were unavoidably covered with soil or 
sand ; and it was not till the adoption of the edge-rail, 
raised above the ground, that Railways attained those 
advantages over common roads which they are now 
acknowledged to possess. 

In the last quarter of a century Railways have 
multiplied rapidly, especially in the neighbourhood of 
Newcastle and Sunderland ; and a large amount of 
capital and skill have been employed in their con- 
struction, and in the erection and adaptation of the 
different kinds of machinery with which many of them 
are worked. Still these Railways are comparatively 
of small extent ; detached, isolated and private 
undertakings, and appropriated exclusively to the 
conveyance of coals to the shipping wharfe on the 
Tyne and Wear. 

The first public Railway, established by Act of 
Parliament for the conveyance of general merchandise 
and passengers, as well as coals, was the Stockton 
and Darlington. This Railway is about twenty-five 
miles in length,^ extending from the Witton Park 
Collieries, in the neighbourhood of West Houghton, 
in the county of Durham, to Stockton-upon-Tees,^ and 
passing within a few hundred yards of Darlington, 
which is situate about mi<iway between the two 
extremities of the line. This Railway consists of a 
single road, with sidings every quarter of a mile, to 
allow carriages to pass one another. A small quantity 
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of merchandise, and 300 or 400 passengers weekly, 
are conveyed along this line between Darlington and 
Stockton : but here, as in the neighbourhood of 
Newcastle, Coal is the staple commodity, the tolls ou 
this article alone being six or seven times the amount 
derived from the aggregate of all the other sources of 
revenue. The subscribers to this undertaking had 
originally to encounter a long and strenuous opposition 
on the part of land-owners, whose property was 
alfected, and of coal-proprietors, whose pecuniary 
interests were interfered with. The first application 
to Parliament was unsuccessful ; but in 1823 the Act 
for the present line was obtained ; and the 27th of 
September, 1825, has become memorable as the day 
on which the Stockton and Darlington Railway was 
opened to the public. 

The project of the Liverpool and Manchester line 
was first discussed as early as 1822. Mr. William 
James, of London, Engineer, having witnessed the 
powereoftheLocomotiveEnginein the neighbourhood 
of Newcastle-on-Tynet conceived that it might be 
successfully employed on a Railway for commercial 
purposes. He brought a letter of introduction to Mr. 
Sandars, a gentleman who, having had practical 
experience of the insufficiency of the existing modes 
of conveyance from Liverpool to Manchester, was 
prepared to give all due consideration to any plan 
which proposed a remedy for a tried grievance. Mr. 
Sandars adopted the scheme, and became father to 
the present undertaking. A preliminary survey was 
made of the country between the two towDs, Mr. 




Sandars being guarantee for the estimated coiit. The 
tine of road recommended in this smrtey was not 
Intimately adopted , but the projects aftet* some inte^^ 
misBion, went forward. 

A combination of striking and favourable cireum*' 
ilances evidently belonged to a line of communication 
between the towns of Liverpool and Manchester : the 
one a commercial sea port, second in importance only 
to London; the other a large manufacturing towo^ 
and the centre and focus of a populous manufacturing 
district* Looking^ indeed, at the intimate and neces- 
Hary connection between the two places — ^foreign 
Reduce of every description passing dsuly from 
Liverpool to Manchester, and manufactured goods 
finding their way from Manchester to be shipped at 
Liverpool to every quarter of the globe ; considering 
this incessant interchange of commodities, comprising 
ut that period upwards of 1000 tons per day conveyed 
between the two towns, and this large traffic being 
•Yapidly on the increase— ^ne should reasonably have 
expected to find the utmost facility of conveyance 
subsisting between the two towns^ or at least that no 
Tery serious delays or difficulties would be found to 
impede the actual transit of commodities from the one 
place to the other. But how did the fact correspond 
with this reasonable expectation, and how far had the 
means of conveyance for goods and merchandise kept 
pace with the mighty commerce of the two towns? 

The great canal proprietors, whkh for nearly a 
century bad ts^en cfaar^ of t&e conveyance of mer- 
diandtse between Liverpool and Manchester^ are ^e 



Mersey and Irwell Navigation (commonly styled the 
Old Quay) Company, and the Trustees of the Duke 
of Bridgewater's Canal. The flats or barges, in both 
cases, have to navigate the River Mersey from Liver- 
poul to Runcorn, a distance of about twenty miles, 
according to the ordinary track which vessels are able 
to pursue, and theiice by separate routes, the Duke of 
Bridgewater's navigation by canal terminating in 
Castle-field, Manchester, and that of the Old Quay 
Company consisting alternately of canals and the 
Rivers Mersey and Irwell, till it reaches the same 
great depot; the whole distance being about fifty miles. 
The Old Quay Company obtained tlieir first Act of 
Parliament in 1733, and the Dnke of Bridgewater in 
17tiO. We sliall take it for granted that, at this latter 
period, the trade of Liverpool had so far increased as 
to render expedient the establishment of a second 
means of conveyance, namely, the Bridgewater Canal. 
We have uow, tlierefore, to ascertain whether, since 
the period of 1 760, there has been such an increase in 
the trade and commerce of this district, as to render it 
probable that even a third line of communication might 
be desirable and beneficial to the public; and a few 
leading facts in the comparison will be abundantly 
sufficient to determine this point. 

In 1760, the number of vessels which paid dock 
duties at Liverpool was 25G0. 

In 1824, when the Railway Company was formed, 

it was 10,000; thetonnageof the port having more //wim 

rfouWcrf in the ten preceding years, namely, since I8H. 

In 1704, twenty years aftertbe establishment of the 
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ieetmd canal, an American yessel arriyed in Liverpool, 
baying on board for part of her cargo eight hags of 
eattan^ which were seized by the officers of Customs, 
under the conviction that they conld not be the growth 
of America ! 

In 1824, there were imported into Liverpool, yrotfi 
America^ 409,670 bags of cotton. 

In 1760, the population of Liverpool was about 26000. 

In 1824, the population was 135,000. 

The same stupendous increase is to be found in the 
trade and population of Manchester. 

In 1760, the population was about 22,000. 

In 1824, it was 150,000. 

The first steam-engine used in Manchester was ia 
the year 1 790, thirty years after the Act was obtained 
for the second canal. 

In 1824, upwards of 200 steam-engines were at 
work. 

In 1824, there were nearly 30,000 power-looms 
employed, while only ten years previous there was 
not one.* 



* Thcmgli the preient argoiiient required that I ihould ihow the gtet inoeeae of 
trjide up to 1824, it may not be amies briefly to notice the augmeatati«a of our 
commerce since that period. 

In 1824, year ending 24th of June, tlie number of vessels paying 
dock dues in the port of Liverpool is stated above, at..... 10,000 

Inl829,itwas 11,383 

In 1824, year ending 81st of December, the cotton imported into 
Idverpocd was 447,083 bags. 

In 1829, the importetion was 640,996 ,, 

In 1824, the quantity of goods passing daily between Liverpool and Manchester 
was estimated at 1000 tons. It is now (1830) about 1300 ions per day; in the 
proportion of 1000 tons passing from Liverpool to Manchester, and 300 tons passing 
from Manchester to Liverpool. 

But the trade which has increased with perhaps the greatest rapidity it the 



It may be replied, however, to this statement, that 
admitting this vast increase in the population and 
commerce of the two towns, still, by increasing the 
number of boats, with facilities of loading and dis- 
charging, ample accommodation might be afforded to 
the public. But what are the facts as they existed 
in 1824? Mr. Saiidars, iu a pamphlet published in 
that year, expresses himself as follows: — " Notwith- 
standing all the accommodation the canals can offer, 
the delays are such that the spinners and dealers are 
frequently obliged to cart cotton on the public high 
road, a distance of 36 miles, for which they pay four 
times the price which would be charged by a Rail- 
road, and they are three times as long in getting it to 
hand. The sameobservation applies to manufactured 
goods, which are sent by land carriage daily, and for 
which the rate paid is five times that which they would 
be subject to by the Rail-road. This enormous 
sacrifice is made for two reasons — sometimes because 
conveyance by water cannot be promptly obtained, 
but more frequently because speed and certainty as 
to delivery are of the first importance." — P. 17. 



importation into Iiiverpool of live stock from Iicland, to be altrlbuted mainly to ihe 
eiUblLihinent of Btesm convevance. The foUoving is an autbcntic iccount of the 
impoTl into Liverpool, principally fVom Ireland, for 30 months ; and of this larga 
supply no small portioii It Is calculated will seek a conveyance to Manchester and 
the neighbourhood by the Railway ! — 
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About tke same period also, tbe^ollowisg Pvblic 
Declaratioii was si^ed by upwards of 160 of the most 
respectable merciiaDts of Liverpool :«^ 

^We, the QDder»gDed merchants and brokers 
ve&adeDt i» the port of JLiverpooU do hereby declare 
diat we have for a long time past experienced great 
difficulty ia obtaining vessels to convey goods from 
this place to Manchester, and that the delay is liigidy 
prejadkial to the trading and manufactaring lotovest 
at large. That we consider the present estabtidiiiients 
for the transport of goods quite inadequate, and "thift 
a new line of coivveyance has become flibsolutely 
ifteoessary to conduct the increasing trade of the coun- 
try with speed, certainty and economy."— fiSbnd!sr», 
p. 29.) 

Considering it, therefore, as undeniable that an 
increased facility of conveyance between the two 
towns was highly desirable, it became a question 
whether a Railway would best combine the essential 
•requisites of safety, economy and despatch. In order 
ike better to be enabled to form a judgment on this 
point, a deputation, consisting of Mr. Sandars, the late 
Mr. Lister Ellis, Mr. Kennedy, of Manchester, and 
the writer of this account proceeded to Darlington, 
where the Railway was then unfinished, and afterwcu'ds 
to the neighbourhood of Newcastle and Sunderland, 
where various Railways were in operation, and where 
both Locomotive and Fixed Engines were employed 
for the conveyance of coals from the pits to the 
respective places of shipment. This deputation made 
their Report to a Committee of Gentlemen in Liver- 



pool, of which John Moss, Esq. was Chairman, on 
the 20th of May, 1824, when it was finally determined 
to form a Company of Proprietors for the establishment 
of a double Railway between Liverpool and Man- 
chester. A subscription list was opened and speedily 
filled, principally with names connected with the 
towns of Liverpool and Manchester. A permanent 
Committee was afterwards appointed, of which Chas. 
Lawrence, Esq. at that time Mayor of Liverpool, 
was elected Chairman. Mr. Geo. Stephenson, of 
Newcastle-on-Tyne, was appointed Engineer. The 
necessary surveys were undertaken, and every prepa- 
ration made for soliciting an Act of Incorporation in 
the ensuing Session of Parliament. 

On the 29th of October, 1 824, the Committee issued 
their Prospectus^ which, as the first public announce- 
ment of the objects of the Company and the nature of 
the undertaking, I insert in this place : — 
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PROSPECTUS. 

The Coinmittee of the Liverpool and Manchester Rail-Toad 
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Company think it right to state^ concisely^ the gronnds upon which 
they rest their claims to public encouragement and support. 

'^ The importance^ to a commercial state^ of a safe and dieap 
mode of transit^ for merchandise^ from one part of the country to 
another^ will be readily acknowledged. This was the plea, upon 
the first introduction of canals : it was for the public advantage ; and 
although the new mode of conveyance interfered with existing and 
inferior modes^ and was opposed to the feelings and prejudices of 
landholders^ the great principle of the public good prevailed^ and 
experience has justified the decision. 

^' It is upon the same principle that Rail-roads are now proposed 
to be established ; as a means of conveyance manifestly superior 
to existing modes : possessing^ moreover^ this recommendation in 
addition to what could have been claimed in favour of canals^ namely, 
that the Rail-road scheme holds out to the public not only a cheaper, 
but far more expeditious conveyance than any yet established. 

'^ The Liverpool and Manchester Rail-road is proposed to com- 
mence near the Prince's Dock, Liverpool, thence to Vauxhall-road, 
then through Bootle, Walton, Fazakerley, Croxteth, Kirby, Elnows- 
ley, Eccleston, Windle, Sutton, Haydock, Newton in Mackerfield, 
Golbom,Lowton, Leigh, Pennington, Astley, Irlam, Worsley,£ccles, 
Pend]ebury, Salford, Hume, to the neighbourhood of the westerly 
end of Water-street, Manchester : in the whole, a distance of about 
thirty-three miles. By a reference to the plan it will be perceived 
that the road does not approach within about a mile and a half of the 
residence of the Earl of Sefton, and that it traverses the Earl of 
Derby's property over the barren mosses of Kirby and Knowsley, 
passing about two miles distance from the hall. In deciding upon 
the proposed route, the Committee have been anxious, at considerable 
inconveiitence and expense, to select a line which may not (mly be 
eligible, considered in itself, but may be as Iktle objectionable as 
possible, with reference to individual and local interests. 

'' The ground has been surveyed by eminent Engineers, and the 
estimated expense of a Rail-road, upon the most improved construc- 
tion, including the charge for Locomotive Engines, to be employed 
on the line, and other contingencies, is £400,000,— which sum it is 
proposed to raise in 4000 shares of £ 100 each. 
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" The total quantity of merchandise passing between Liverpool 
and Manchester, is estimated, by the lowest computation, at one 
thousand tons per day. The bulk of this merchandise is tran3port<;d 
either by the Duke of Bridgewater'a Canal, or the " Mersey and 
Irwell Navigation." By both of these conveyances goods must pass 
up the river Mersey, a distance of l6 or 1 8 miles, subject to serious 
delays from contrary winds, and not unfrequently to actual loss or 
damage from tempestuous weather. The average length of passage, 
by these conveyances, including the customary detention on the 
wharfs, may be taken at 36 hours, longer or shorter, according to 
the favourable or unfavourable state of tlfb winds and tides. The 
average charge upon merchandise, for the last fourteen years, has 
been about 15s. per ton. 

" By the projected liaiUroad, the transit of merchandise between 
Liverpool and Manchester will be effected in four or five hours, and 
the charge to the merchant will be reduced at least one-third. Here 
then will be accomplished an immense pecuniary saving to the public, 
over and above what is perhaps still more important, the economt/ of 
lime. Nor must we estimate tlie value of this saving merely by its 
nominal amount, whether in money or in time: it will afford a 
stimulus to the productive industry of the country, it will give a new 
impulse to the powers of accumulation, the value and importance of 
which can be fully understood only by those who are aware how 
seriously commerce may be impeded by petty restrictions, and how 
commercial enterprise is encouraged and promoted by an adherence 
to principles of fair competition, and free trade. 

" The Committee are aware that it will not immediately be under- 
stood by the public, how the Proprietors of a Rail-road, requiring an 
invested capital of £'100,000, can afford to carry goods at so great a 
reduction upon the charge of the present water companies. But the 
problem is easily salved. It is not that the water companies have 
not been able to carry goods on more reasonable terms, but that, 
strong in the enjoyment of their monopoly, they have not thought 
proper to do so. Against the most arbitrary exactions the public 
have hitherto had no protection, and against the indefinite continuance 
or recurrence of the evil, they have but one security : it is compe- 
TiTioK THAT 13 WANTED ; and the proof of this assertion ni»y be 
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flkUaced finom the fiurt, ibal sluurcs m the OkA Qoaj NrnngBticn, of 
irliidi the original cost was £70- hare been acid as high aa £iS&Ql 
eadi! 

** Bat it is not akogedier cm aeeoont of the cxotbitnit duffgea of 
die water carriers that a Rail-road is deairaUe. The present Canal 
estaUiflhments are inadequate to the great and indiqiensaMe ofajecC 
to be aoocNnplished^ namelj, the regular and pnnctnal conveyance of 
goods at all periods and seasons. In summer time there is fre^picntly 
a deficiency of water^ obliging boats to go only half loaded, and this 
occasioning great inconvenience and delay; while in winter, they are 
sometimes locked up with firosts far wedu together, to the manifest 
hindrance of business. From these impediments a Bail-road would 
be altogether exempt. There is still another ground of ojbjection to 
the present system of carriage by Canals, namdy, the pUfenge, an 
evil fmr which there is seldom adequate redress, and f<Hr whidli the 
privacy of so circuitous and dilatory a passage affords so many 
facilities. Whereas a ccmveyance by Railway, effected in a few hours, 
and where every delay must be accounted for, may be expected to 
possess much of the publicity and consequent safety of the King^s 
highways. 

" In addition to the transport of goods betwem Liverpool and 
Manchester, an important branch of revenue may be expected to 
i^esult to the Proprietors of the projected road, from the omveyanee 
of Coals from the rich mines in the vicinity of St Helens; an advan- 
tage which the water companies do not possess, and which, hoai its 
importance and extent, may probably enable the Proprietors to reduce 
their rates of carriage still lower than now contemplated. These 
coals at present pass along the Sankey Canal and down the Mersey 
to Liverpool, a distance of about SO miles. By the Railway, the 
distance will be shortened one-half, and the charge for transit very 
materially reduced. 

" Amongst the widely diffused benefits to be expected from the 
proposed Rail-road must especially be enumerated, no inconsiderable 
advancement in the commercial prosperity of Ireland. The latent 
energies of that country, her capabilities as a manufacturing power, 
will be developed by 8eing brought into easy contact and communv- 
cation with the manufacturing districts of this kingdom : while every 
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artide of her agricultural industry will experience an incPeiMed 
demand from the cheapness and £»cility with which it will b^ intvo- 
duced into the populous counties of Lancaster and York, Whatever 
shortens the time of conveyance practically diminishes the djat^ncfff, 
and whatever is saved in the cost of carriage is a gain to Ireland. 

^ In the present state of trade and of commercial enterprise^ 
despatch is no less essential than economy. Merchandise is fireqi^ently 
brought across the Atlantic from New York to Liverpool in twenty- 
one days; while^ owing to the various causes of delay abore 
enumerated^ goods have in some instances been longer on their pa»i 
fage &om Liverpool to Manchester. But this reproach must not be 
perpetual. The advancement in mechanical science renders it 
unnecessary: the good sense of the community makes it impossible. 
Let it not^ however^ be imagined, that were England to be tardy, 
other countries would pause, in the march of improvement Appli- 
cation has been made, on behalf of the Emperor of Russia, for modds 
of the Locomotive Engine: and other of the continental governments 
have been duly apprized of the important schemes for the facilitating 
of inland traffic, now under discussion by the British public. In the 
United States of America also, they are fully alive to the important 
results to be anticipated from the introduction of Rail-roads; a 
gentleman from the United States having recently arrived in Liver* 
pool, with whom it is a principal object to collect the necessary 
information in order to the establishment of a Railway, to connect 
the great rivers Potomac and Ohio. 

** The immediate and prominent advantages to be anticipated from 
the proposed Rail-road, are increased facilities to the general operations 
of commerce, arising out of that punctuality and despatch which will 
attend the transit of merchandise between Liverpool and Manchester, 
as well as an immense pecuniary saving to the trading community. 
But the inhabitants at large of these populous towns, will reap their 
full share of direct and immediate benefit Coals will be brought to 
market in greater plenty, and at a reduced price ; and farming pro- 
duce, of various kinds^ will find its way from greater distances, and 
at more reasonable rates. To the landholders, also, in the vicinity-' 
of the line, the Rail-road offers important advantages in e&tensive 
markets for their mineral and agricultural produce, as well as in a 
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hdHhj of obtaining lime and manure at a cheap rate in retmiL 
Moreover^ as a cheap and expedidoiis means of conveyance foft 
travellersy die Raihray holds out the fiur prospect of a public acoom- 
modation, the magnitude and impcnrtance of which cannot be imme- 
diately ascertained. 

** The Qmunittee do not think it necessary to dwell upon probable 
and contingent sources of revenue to the Proprietors, and of benefit 
to the community : but it is impossible entirely to overlook the ten- 
dency of increased economy and despatch to extend the commercial 
mtercourse, not cmly upon the immediate line of road, but diverging 
in ramifications to the north and the south, and espedaDy towards 
the rich and populous town of Boltcm ; a short brandi line being 
sufficient to bring that extensive manufacturing district into rapid and 
direct ccxnmunication with this port. 

" Sudi is a brief view of the scheme in whidi die Liverpool and 
Manchester Rail-road Company have embarked, and which, whfle 
it promises such manifold advantages to the public, die Committee 
feel confident will afford a fair and liberal return for die capital 
invested by die Proprietors. 

" Charles Lawrence, Chairman. 
«« Litmrpool, 2M October^ 1824" 

Such, then, was the scheme of the Liverpool and 
Manchester Railway, requiring, however, the sanction 
of the legislature before it could be carried into effect. 
Parliament met early in the ensuing year, and a por- 
tion of the Railway Committee attended in London, 
in the first week of Feb. 1825, to watch the progress 
of the Bil] through the House of Commons — an 
undertaking by no means a sinecure, as those who 
have had the good or ill fortune to be concerned in 
carrying forward contested bills will readily admit. 
The Committee anticipated a strenuous opposition, 
and they were not disappointed. The Proprietors of 



three Canals (the Duke of Bridge water's, the Mersey 
and Irwell, and the Leeds and Liverpool,) each in 
itself no despicable opponent, forgetting their mutual 
jealousy and former disagreements, appeared in for- 
midable array, acting on one impulse for the common 
safety, and prepared at all hazards to put down so 
intolerable an innovation on established modes and 
vested rights. This was to be expected. But the 
opposition did not end here. Two noble Lords, the 
Earls of Derby and Sefton, a part of whose estates the 
Railway crossed, made common cause with the Canals 
to prevent the establishment of a Railway. On the 
part of these noblemen, it was contended that the 
sanctity of their domains would be invaded, and the 
privacy of their residences destroyed, by thus bringing 
into their neighbourhood a public highway, with all 
the varied traffic of coals and merchandise and pas- 
sengers, that would be the consequence of such an 
establishment. 

The question being fairly brought before the House 
ofCoramons, tlieproceeditigs were briefly asfollow: — 
On the 8th of Feb. 18-25, the petition for the Bill was 
presented to the House of Commons, and on the 9th 
the Committee on Standing Orders resolved that the 
"orders" had been complied with. On the 18th of 
Feb. the Bill was read a first time in the House of 
Commons. On the 2d of March the Bill was read a 
second time, after a debate of about an hour and a 
half, on which occasion Sir John Newport, Mr. 
Huskisson, Mr. W. Peel, Mr. Doherty, Mr. Calcraft, 
and Mr. Brougham, spoke in favour of the measure — 
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Mr. GretfK^ Member for Lancaster, and Mr. George 
Philips against it The second reading was carried 
lirithout a division. In the Committee on the Bill, 
General Gascoyne was reqnested to act as Chairman, 
an office which he kindly ondertook, and which be 
fulfilled with infinite patience and perseverance daring 
k protracted contest of nearly three months. On the 
SIst of March (all preliminary forms having been 
complied with), Mr. Counsellor Adam, on behalf of 
the Railway Company, made his opening sptech in 
Committee, and on the following days evidence was 
heard in favour of the Bill, or in Parliamentary lan^^ 
guage, in proof of the preamble — the general tenor of 
the evidence being in confirmation of the statements 
and arguments put forth in the Company's Prospectus. 
Mr. Adam was supported by Mr. Sergeant Spankie, 
Mr. Joy, and Mr. Wm. Brougham. On the 2d of 
May, Mr. Spankie summed up for the Railway, and 
on the Sd Mr. Counsellor Harrison led on the hostile 
van, supported by Mr. Alderson, Mr. Parke, Mr. 
McDonald, Mr. Earle, and Mr. Cullen. He did not 
deny that great inconvenience and delays had arisen 
from the defective system of Water conveyance, nor 
that occasionally it took as long a time to transport 
merchandise from Liverpool to Manchester as it did 
to bring it from America to Liverpool ; nor that a 
direct line of 30 miles on a Railway would present 2^ 
speedier conveyance than a circuitous route of near 
50 miles through Canals and tide- way. But it was 
contended that the Canals and River were capacious 
enough for all the traffic of the port ; that, moveover, 



our levels and sections were erroneous 5 that the 
Locomotive Engine wasan nnsighlly object ; and that 
the formation of the Railway would cost three or four 
times as much as the estimate: nay, Mr. Francis- 
Giles, Civil Engineer, was produced to record his 
opinion that it would cost upwards of ^200,000. to 
carry the Railway across Chat Moss alone : — from all 
which it followed, that, from considerations of kind- 
ness to the Proprietors of so wild and impracticable 
a scheme, the Bill ought to be rejected by the legis- 
lature.* 

On the subject of the levels and sections, the 
opponents of the Bill were correct in their animad- 



* I aubjaln ui ah«(nct (rom Mr. Giles's eviilence befoce the Committee of the 
House of Commong, on the 6lh Mt,j, 182S, taken from »n official copy :— 

Q, Be so good u to tell us whether in your judgment a Rsil-rDsd of this d«aerip- 
tlonean be safely made over Chat Mom, wiihout gomjj lo the botlom of the Mois ? 

A. I U7 certainly not. 

Q. Will it be necessary, therefore, in making a Rail-road which is to iWnd, lo 
lake out, along the whole line of the road, the whole of the Moss to the bottom P 

A. Undoubtedly. 

Q. WUI that make it necessary to eul dowo the 33 or 34 feet of which you hare 
been > peaking F 

A. Yes. 

Q. AndaflemaiditafiUltupwithotheiMtlP 

A, To such a height as the Rail-road is to be carried ; other soil mixed with a 
ponion of (he Moss. 

Q. But suppose they wen to work upob thii ttatT, oonld they get their carriages 
10 the place ? 

A, No carriage can itand on the Moss short of the bottom. 

Q. What would they do to make it stand— lay ing ptanks, or lomethlng of Ihat sort ? 

A. Nothing would support it. 

<f. So that, if you could carry a Rail-road on (his iiuid stuff—if you could do i(— 
it would still uke a great number of men, and a great sum of money. Could it be 
done, in your opinion, for £6000, ? 

A. I should say £200,000. would not get through it- 

Q. My Learned Friend wishes to know what It would coat to Ity It with H 
&t. &c. 
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versions : a considerable error had been committed 
by the Surveyors for the Railway; which, when 
discovered, was acknowledged in Committee. The 
rectifying of this error was to the advantage of the 
Railway Company, inasmuch as the cost of the cor- 
rected line would have been less than that of the 
erroneous section. The impression on the Committee, 
however, was unfavourable; and some degree of doubt 
and uncertainty was necessarily thrown on the whole 
of the surveying department. 

On the 30th of May, Mr. Harrison concluded the 
c^se for the opponents of the Bill. 

On the 31st, Mr. Adam replied; after which, the 
Committee divided on the preamble, which was 
carried by a majority of one^ 37 members being in 
favour of the Bill, and 36 against it. 

Such a result, after a three months' Parliamentary 
campaign, and after 37 working days spent laboriously 
in Committee, was far from encouraging to the pro- 
moters of the Bill. All the clauses and detail of the 
Bill had still to be discussed, scrutinized, and opposed; 
and it was hardly to be expected, after so protracted 
an opposition, that Members of Parliament, without 
that strong personal and pecuniary interest, in defence^ 
of which the Canal Proprietors might be supposed to 
make every effort, would still persevere in what, to 
many at least, might now be consiflered a hopeless 
contest. Accordingly, on the 1st of Jun^, the first 
clause of the Bill, empowering the Company to make^ 
the Railway, was lost, oh a division, by a majority of 
19 to 13. The clause to take land was then* put to 



the vote and also lost; whereupon Mr. Adam, oti 
belialf of the Railway Company, withdrew the Bill. 

Such was the result of the first attempt in Parliament 
to obtain the sanction of the legislature to the formation 
of the Liverpool and Manchester liailway. Scarcely, 
however, was the fate of tlie Bill decided for the 
passing Session before the first movement was made, 
and the first steps taken, for a renewed effort in the 
succeeding year. In tlie course of Parliamentary 
proceedings it has been observed, that where a Bill 
18 vehemently opposed, whether with a vievv to the 
public good or from the impulse of private interests, 
slill the measure is seldom carried the first year. The 
ground is broken ; the arguments ou both sides are 
stated, and probably exaggerated ; the heat of parties 
is displayed, and iu some measure exhausts itself. In 
another Session the subject is more likely to be dis- 
cussed with calmness and temper ; and if some public 
benefit be included in the scheme proposed, the 
chances of success are much increased in the second 
year. 

The promoters of the Railway felt confident that 
Iheir failure was not to be attributed to any lack of 
public opiniou in favour of the great work iu which 
they had engaged ; and understanding that many 
Members of Parliament were strongly impressed with 
the importance of the measure iu question, considere<l 
as a national undertaking, it was thought desirable 
that a meeting should take place between the Railway 
Committee and such of the Parliamentary supporters 
of the Bill as could couvenientty attend, -to record 



^iflpMPB, otic) eifpedally with rafer^oce to proco^ngfi ip 
^fiinr^ Accordioslyt the followipg Memh^v of Far- 
Jimnwt met tb^ Railway GoinvatteQ (by iov^tatiw) ofi 
^ 4th of Jqp«. I^^ 9t tb9 Aoyal AoteU $^ /^ir^V 

Ti^^ Lord Viscount Forbbs. Richard Hart Davibs^ Esq. 

Sir Philip Musoroyb. W. H. Trant^ £59. 

Sir Robbrt Wilson. Robbrt Pricb^ Esq. 

Right Hon. W. Huskisson. GsNaf^L I(art. 

ta^uT Hon. W. BAaw£Li«. iiownjf^ Q^wthob^^* 

The Hon* Gbiibral Ko^Q* Coi^onrl, CUk>^mb« 

The Hon. Col. Lowthbr. Ai«dbrman Bmoos^. 

Thomas Spring Rice^ Esq. Robert Downie, Esq. 

W. Y. Peel, Esq. N. 6nbtd, Esq. 

ViLUAM HoLKSSy ESQ. 

G'piMnlGascogfne usaa called to theehak, and after 
aome deaultory coavensatioD, 

3it. Muikissam said, that he peroek^ed aQthic^ 
connected with the discussions on this Bill in the 
Committee of the House of GommoQa» or in the 
'Vejeetioq of the meaBore, after the preamble of the Bill 
m9s proved, which should deter the subactibers Jnooi 
renewing their application to ParMament another 
Session. Ijool^ipg at the immense traffic brtween 
Liverpool and Manchester — takioginto consideration 
fbe well-being of Ireland, which required the uteooat 
facilities of introducing her produce into U^ gteat 
manufacturing districts — he had no hesitation in sayii^ 
that, in hi$ opinion, some additional and impiovod 
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meatis of couveyauce between Liverpool and Man- 
chester would be highly desirable. It was, therefore, 
that he considered the measure now under discussion 
of great public importance ; and whatever temporary 
opposition it might meet with, he conceived that 
Parliament must ultimately give its sanction to the 
undertaking. 

Sir Robert Wilson expressed a wish that, as 
regarded the opponents of the measure, every dis- 
cussion and proceeding might be carried on in the 
spirit nf conciliatioQ. 

Mr. Spring Rice said, he could state that almost 
all the commercial bodies in Ireland were favourable 
to the measure ; and he thought Hon. Members 
would render a great service to that country by sup- 
porting the Bill when again brought forward. He 
considered the Railway would be particularly im- 
portant in facilitating the intercourse between Man- 
chester and those districts in Ireland which were 
already engaged in certain processes of the cotton 
manufacture. 

Mr. Holmes read a letter from Lord Lowther, 
regretting his inability to attend \ also a favourable 
opinion of Mr. M'Adam, on the facility of carrying 
roads over bogs and mosses ; a question which had 
occasioned much discussion in the Committee of the 
House. 

After some further conversation, Mr. Lawrence, 
as Chairman of the Railway Deputation, having ex- 
pressed his conviction that the subscribers would be 
disposed to roiiew their application to Parliameiit m> 
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the next Session, the following resolution, mo^ed by 
Mr. Huskissony and seconded by Mr. W. Peel, was 
unanimoasly adopted : — 

<< That it is the opinion of this meeting, that for th^ 
purpose of insuring increased facility, cheapness, and 
despatch in the very extensive intercourse in mer- 
chandise and manufactured goods between the towns 
of Liverpool and Manchester, and also in the general 
trade between this great manufacturing district and 
Ireland, it is expedient to provide additional and 
improved means of conveyance between Liverpool 
und Manchester.'* 

The second resolution was proposed by Mr. Spring 
Mice and seconded by Mr. JBagwell^ 

** That the failure of the Liverpool and Manchester 
Railway Bill during the present Session, in conse- 
quence of the rejecting of two enacting clauses, after 
the preamble of the Bill had been proved, does not 
appear to this meeting an event which ought to dis- 
courage the subscribers from renewing their application 
the next Session of Parliament, should it appear to 
the subscribers advisable to carry this important 
measure." 

After this resolution was agreed to, the meeting 
broke up ; and thus terminated the proceedings of the 
Hailway Committee, in connection with their appli- 
cation to Parliament iit the Session of 1825, 

The interval was short between the labours of this 
Session and the preliminary steps requisite to be taken 
preparatory to the ensuing Parliamentary campaign. 



The Committee of the Railway, on the return of thelf 
Deputation iVom London, advertised their intention of 
adopting " measures for a renewed application to 
Parliament the ensuing Session:" and on the 1st of 
July, it was resolved that Mr. John Rennie bo re- 
quested to undertake the office of Engineer to the 
Company. After some correspondence, it was agreed 
that Messrs. George and John Rennie should be the 
Engineers of the Railway ; and Mr. George Rennie, 
pursuant to instructions, undertook a new survey of 
the country between Liverpool and Manchester, in 
order " to report to the Committee the best line for a 
Railway." 

On the 1 2th of August, the Committee, on the 
recommendation oftheEngineers.determined to adopt 
a new line of way, passing considerably to the south 
of the former route. In furtherance of this resolutioDt 
Mr. Charles Vignoles, on behalf of Messrs. Rennie, 
was appointed to prepare the necessary sections and 
plans of the projected undertaking. As these advanced 
towards completion, it became evident that the cost of 
the new line would much exceed the former estimate 
of ^400,000. It became a question, therefore, with 
the Committee, in what way to raise such additional 
sum as might be requisite. 

In an early stage of tiie undertaking it was proposed to 
R, H. Bradshaw, Esq. M. F. as Trustee for the Pro- 
prietors oftheDiikeof Bridgewatei's Canal, to become 
a shareholder in the Railway. It appeared reasonable 
that the Proprietors of the Canal Navigations, whose 
properly uiiglit be considerably affected by the estab- 
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the «i^oft Of tftking p^ft M tbe prOji^i^^d Mi^Ht^tbe; 
Mr. BMdshi^ w, hopr^yfer, decHned the pfopositkm. If 
h be inljtiii'ed why thd sieitiae Offer ^M b6l IMkd« t6 
th6 dthef gfefdt Ndvi^tion Gompati jr (the Merte j sttid 
Irwell), the MBwer id otrrioM. llie bokc; Of Bridgtf^ 
WMer'fi Canut in privnite, Ofttdlled, ati^ indiipdMAf^ 
property ; whereas a Propnel^ of the Mefd«^ imif 
Irweil Company had the potror, atty fAcmbttif to 
reduce his mierest in the Water eotiveyatiee, aird taku 
a share in the Railway, if he so thought fit. 

The Committee of the Railway, at Ihe preseM 
juncture, determined to renew the overture which they 
had formerly made, but not through the intervetftlon 
of M n Bradshaw. A communication waa opened 
more directly with the Marquis of Stafford, the party 
beneficially interested in the Duke's CanaU through 
the medium of James Loch, Esq. M . P. his Lordship's 
eonfidential adviser. The proposal Was met ia the 
i^>trit in which it was made ; and, after the disensaion 
of various preliminary points, it was agreed that the 
Marquis should become a subscriber to the new KnO 
Of Railway, to the extent of 1000 shafei^. Thid 
arrangemeat being completed, the Committee lorft no 
time in issuing their second Prospectus, in which the 
circumstance is made known to the Proprietors and to 
the public. The following is a copy : — 
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PROSPECTUS. 

" The Committee of the Liverpool and Manchester Railway^ 
before entering upon the labours which a renewed application to 
Parliament will impose upon them^ are desirous to advert to the 
causes which led to the unsuccessful termination of their late efforts ; 
and^ at the same time^ briefly to explain the grounds upon which 
they rest their anticipations of success in the ensuing Session. 

'' A very prominent objection, taken by the opponents of the Bill, 
was founded on the errors in the section and levels, as exhibited 
before Parliament These errors the Committee at once acknowledged 
and regretted ; and, to avoid aU chance of similar complaint in future, 
they have engaged the professional services of most eminent Engineers, 
aided by assistants of undoubted talents and activity, whose combined 
efforts justify the fullest assurance, not only of the correctness of the 
plans and sections, but that the whole line will be laid down and 
arranged with that skiU and conformity with the rules of mechanical 
science, which will equally challenge approbation, whether con- 
sidered as a national undertaking of great public utility, or as a 
magnificent specimen of art 

*' A second objection to the measure (which, however, was 
insisted upon out of doors more than in Parliament) was the inter- 
ruption and inconvenience anticipated from the line of road crossing 
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rarious streets in Liverpool and Manchesta*. This difficulty has 
been completely obviated. In the new line, recommended by Messrs. 
Rennie, the Railway enters Liverpool by means of a tunnel and 
inclined plane, thus effecting a direct and most desirable conununi-i 
cation with the King and Queen's Docks^ without interring witbaf 
single s^eet. Ft does not enter the town at Mancheater at aH^ llie- 
line terminating near the New Bailey Prison,, ia the townst^. q^ 
Salford. 

'^ A third objection to the measure was taken by the GUi ^]jt»f' 
CompMiy, on the ground that the Railway interfeved widr thm* 
navigation, by reason, of a bridge in the neighbourhoodrof MMidi«8l)frj> 
over the River IrwelL The Committee are happy to state that this 
difficulty is avoided; inasmuch as the new line doea. not cro8% the 
Irwell at all. 

" A fourth manifestation of opposition was on the part of the 
Leeds and Liverpool Canal Company, on the ground that the Railway 
passed under their Canal, in its way to the Prince's Dock. However 
futile such an objection, it is satisfactory to be enabled to state, that 
even this assumed ground of c^iposition is altogether avoidied, asrthtf- 
line does not go near the Canal in question. 

" Another and more plausible objection waa founded on the 
employment of the Locomotive Engine. It was contended, in the 
/irsi place, that this new and peculiar power was Incompetent to 
perform the task assigned to it ; in the second plaoe^ that it was unsafe; 
and lastly, ibat in its operation it would prove a public nuisance. 
By the evidence, however, it was proved that it was perfectly com- 
petent to perform all that was proposed to be accomplished ; and, 
before the evidence was closed, the Counsel for the opponents of the 
Bill admitted that it was safe. Upon the third point of objection 
the Committee are confident such improvements will be made in. the 
construction and application of this effective machine, a&willobyia^ 
all objection on the score of nuisance ; and, as a guarantee of their 
good faith towards the publico they will not require any clause 
empowering them to use it,<^-or they will submit to such restrictions 
in the employment of it as Parliament may impose, for fbe satisfaction 
and ample protection both of propiietors on the line, of road and of. 
the public at large. 
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" The last, but not the least important objection whidi the Railway 
had to encounter, was on the part of several land-owners on the line. 
Amongst their opponents, on this ground, the Committee regret they 
were obliged to number the noble Earls of Derby and Sefton, whose 
estates the Railway crossed for a considerable distance, as well as 
others, whose property the hne unavoidably intersected. 

" The Committee most fully admit that the opinions and personal 
convenience of proprietors on the line of road are entitled to every 
consideration, and they have been most anxious, by all practicable 
means, to meet the wishes or to remove the objections of every land- 
owner on the road. They are happy to be able to state, that they 
can no longer, in this respect, find an opponent in Lord Sefton, as 
they do not, in the line of road they are about to apply for, cross any 
portion of his Lordship's estate. And with reference to the Earl of 
Derby, they conceive they are entitled to apply the same observation, 
inasmuch as the new line crosses only a few detached fields of his 
Lordship's property, far removed from tlie Knowsley domain, and 
the great turnpike road from Liverpool to Manchester intervening.' 
" With reference to the land-owners generally upon the new line, 
the Committee have to state, that they have spared no pains to 
accommodate the exact route to the wishes of proprietors whose 
estates they cross ; whether, on the one hand, by removing the road 
to a distance from the mansions of p('oprietors,and from those portions 
of estates more particularly appropriated to game preserves, or, on 
the other hand, by introducing it more immediately into the vicinity 
of districts abounding with coal, which, by this means, will be 
brought into a cheap and expeditious communication with the Liver- 
pool and Manchester markets. And they are happy to state, that 
their efforts in these respects have been in a great measure successful. 
In an important national undertaking, where a road has to be carried 
through a populous country for thirty miles, it will hardly be ex- 
pected that every proprietor will assent, or that no individual will 
consider himself aggrieved. The Committee have used every effort 
to render the measure not only unobjectionable, but advantageous 
to every land-owner on the line. In all cases they are prepared to 
give a fiiU value for the land they may require ; and, should there 
be instances where unavoidable inconvenience is occaaiuned, they 
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are most anxious to admit, that peculiar damage must be met by 
peculiar compensation* 

'^ In regard to the existing means of conveyance, the Committee 
are desirous to state, that they are actuated by no hostile feeling to 
their interest and prosperity. They have felt that the increased and 
increasing trade of the two great towns of Manchester and Liverpool, 
and the rapidly increasing intercourse with Ireland, demanded ad- 
ditional facilities in the means of transit ; and the pro&ssed and 
sincere desire of the Committee has been confined to supply this want. 
The Com^iittee havo the satisfi^on of being able to state, that, in 
H^cordance with th|s feeUng, the opposition of the most powerful of 
the existing establishments has been removed, by the Marquis of 
Stafford having, for himself and those of his family who ar^ bene- 
^cially interested in the prgfits of the Duke of Bridgewater's Cana)^ 
become a subscriber to the Railway to t)ie extent of One Thousand 
Shares. Being satisfied that the proceedings of last Session of Par- 
liament have removed the misapprehensions which existed, both in 
regard to the nature and the management of the Bridgewater Canal, 
they felt it would be unfit to continue their opposition to the pro- 
posed measure in its improved form. 

'* Having thus disposed of the objections and difficulties which 
the Committee have had to encounter^ they will briefly advert to 
those prominent and vinequivocal advantage of the measure uppn 
i^hich they r^st their d^im to the favour of the public, and thf) 
sanction of Parliament. 

'^ In their prospectus of last year, the Committee stated ' th^ 
total quantity of merchandis'e passing between Liverpool and Manp 
Chester at one thousand tons per datfJ" This quantity, it would seem, 
is underrated, the whole traffic being admitted, on all hands, in 
Committee of the House of Commons, to be 1200 tons per diem ; 
If hich immense aggregate tonnage is, at present, subject to all the 
delays incidental to the I'jver navigation. 

*' Tl^e Committer of the Railway propose to effect the trfuisit of 
'pierchandise in a few hours, if^ith uniform regularity, and at such 
reduced rates as will secure to the towns of Liverpool and M^m- 
phester a pecuniary saving, which, whether estimated in proportion 
to the expenditure upon which it is effected, ox with reference to th^ 
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aggregate amount, IfaM seldom been equalled in any scheme of im« 
provement submitted to the public. 

'^ Neither is the immediate pecuniary saving to the towns of 
Liverpool and Manchester to be estimated with reference merely to 
the cost of conveying merchandise between the respective towns. 
The iraveUing between Liverpool and Manchester is upon the most 
extensive scale ; and the economy to be effected in this branch of 
expenditure; though impossible to be estimated with accuracy^ must 
be considered as most important, and, of itself, no small recommenda- 
tion of the undertaking* 

^^ The advantages, however, above enumerated are only a part 
of the beneficial results which this scheme proposes. The line of 
Railway, as now laid down, passes through a rich and extensive coal 
district, in full working, for the supply of Liverpool, and requiring 
only a facility of transport to be brought into requisition for the supply 
of Manchester. At a moderate computation, Liverpool requires for 
its local consumption 9OO tons of coal per day, besides what is re- 
quired for foreign commerce, and for the numerous steam-packeta 
which sail daily through the season between Liverpool and various 
ports in Ireland, Scotland, and Wales. An aggregate consumption 
of 500,000 tons per annum may be taken as under the mark. Of 
this large quantity, a considerable proportion is brought to market by 
land carriage ; extensive fields of coal in the direct line of the Railway 
having no other means of access to Liverpool. With reference to 
Manchester, the ordinary consumption for domestic purposes maybe 
considered the same as in Liverpool, and the quantity used in the 
extensive factories of that town may be computed as equivalent to the 
demand for the steam vessels, and for the export trade at Liverpool: 
the aggr^ate consumption, therefore, of the two towns may be 
estimated, wjth sufficient accuracy, at one million of tons per annum. 
^' The importance to the community of a moderate price to be paid 
for an article of such extensive and universal consumption is imme- 
diately apparent ; and some idea of the benefit to be derived from 
such a facility of transport as may ensure a more enlarged and 
effectual competition may be formed from the circumstance, that in 
Manchester the price of coals was advanced Is. 6d. per ton imme- 
diately upon the Railway Bill being withdrawn in the last Session of 
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JBfeiBftBMBt ; wha^ in LrfeKpool^ witlifnthehnt tfutty^Ave jtters,iStke 
fatke of the best coal has been adraneed upwards of 7s. perton^ that 
is, nearly* 100 per cent Bvt, estunatmg the reduction m the price 
'•f ihis article at 2s. per Ml> here is a saving lof £190^009. per joiniim 
(an amount equal to the whole assessed taxes of Ae two towns) 
effected upon a single article^ net of luxury, and oonSned to tlie 
killer or ttercant&e eksses of ihe eonatmanifey, but an ertide of llie 
first neoessityi of daOy and hourly consumption, and forming no 
ffoall item in the expenditure of every poor man's family. 

'* Moreover, it would be to take a very narrow and Imperfect 
▼lew of the great question now under ifiscussion, to limit our con- 
aidemtion to the immediate accommodation eJP tihe mereanfile classes, 
4o the pecuniary saving proposed to the travelling community, or 
■even to the stiH move important saving to the consumers of coals, and 
-ef every description of goods conveyed between Liverpool and Man- 
•c^ester. The question demands a wider survey and the consideration 
of more distant results. We must contemplate the important effects 
wpon the eommerce of the nation, which are to be antidpated, on 
^'Ihe one hand, ^rom affording, or, on the other hand, from den^ng 
fteilities to the oommercisil operations of ibis great county. Above 
ell, we must look to Ireland, the natural gr^iary of die manu&e- 
turing districts of this country. To the sister kingdom a facility of 
intercourse and conveyance between Liverpool and the interior o£ 
Lancashire and Yorkshire is of paramount importance ; in the first 
place, forthe dieap and regular transport of her i^icuhund produce; 
and secondly, for the rapid transit of cotton and woollen goods in 
difierent stages of their manufacture, which alone seems wantii^ to 
ibster ihe growing industry of Ireland; to give to her some pro- 
portionate advantage for her cheap labour, and thus render her an 
auxiliary and an helpmate to the more stable manufacturing' estab- 
lishments of this eomitry. 

^ But the subject does not end here. It becomes a question of 
serious import whether this country, which is indebted for so mudi 
of her wealth, and power, and greatness, to the bold and judicious 
application of mechanical science, shall now pause in the career of 
improvement, while it is notorious that other nations will adopt the 
means of aggrandisement which we reject,«-^whether England shall 
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Yelinq^^sh the high vantage ground she at preseiH fauseases, not 

more with a reference to the direct operations of commerce and 

manufactures^ than^ generally^ in the successM applicati(»i of the 

most important principles of science and of art. 

^ The Committee feel that it is unnecessary to dwell at greater 

length on the question they ha^e thus bveught be&re the pul^ia. 

They are about to apply for the sanction of the legislatuxe ;; and Aey 

are determined to relax no efforts on their part to bring about the 

honourable and speedy accomplishment of the great work in which 

they have engaged. 

" Charbes LivWRSNCS^ Cfiairman, 
'*- LivefipoQlynecend>er 26, 1825.**- 

The time was naw aj?rived whea the question was 
again ta be bcooght under the consideration of the 
legislature. A Deputation from the Railway Com* 
mittee accordingly assembled ia London in the first 
week ia February, 1826. 

On the 7th of Feljuruary, the Petitimt for the Bill 
was presented to the House of Commons by General 
Gascoyne. 

On the dth, the compliance with the standing orders 
wafi proved in Committee. 

On the 1 0th, the Bill was read a ^^< time in the 
House of Commons. 

On the 20th, it was read a second time^ without 
discussion. 

On March 6, Mr. Counsellor Adam made his 
opening speech in Committee, and on the same side 
were Mr. Sergeant Spankie, Mr. Joy, and Mr. W. 
Brougham.. 

After the estimates and other evidence in the En- 
gineering department had been recorded, the general 
evidence in favour of the Bill, and with reference to 
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the trade and commerce of the two towns, occupied 
two days. 

On the 9th of March, Mr. Spankie summed up, and 
Mr. Counsellor Earle opened his case on behalf of 
the opponents. The injury to be apprehended to 
certain land-owners on the line of Railway, and the 
competency of the Canal Companies to carry on the 
trade between Liverpool and Manchester, were the 
topics principally enforced. 

On the 15th of March, Mr. Harrison, for tbe Canals, 
summed up, in a speech of two hours, the burden of 
which was, that the Railway, as a conveyance, would 
be neither cheap nor expeditious ; that it would be a 
grievous injury to the land-owners on the line, and at 
the same time ruinous to the projectors themselves. 

On the 16th of March, Mr. Adam replied; after 
which the room was cleared, and on the division, the 
Preamble, of the Bill was voted to be proved, by a 
majority of 43 to 18. 

On the 6th of April, the Bill was read a third time 
in the House of Commons. The debate on this 
occasion was spirited ; General Gascoyne moved the 
third reading, seconded by Mr. W. Peel; the Hon. 
Edward Stanley moved that the Bill be read that day 
six months, and was seconded by Sir Isaac Coffin. 
Mr. Huskisson and Sir John Newport spoke in favour 
of the Bill ; and Mr. Philips (now Sir Geo. Philips) 
and Capt. I. Bradshaw against it. On the division, the 
numbers were 88 in favQur, 41 against — majority 47. 

On the 7th of April, the Bill was read a first time 
in the House of Lords. 

On the 10th of April, Lord Dacre moved the second 



i*eading, when the Earl of Derby declared his intention 
to oppose the Bill in Committee, though he should 
not object to the second reading. 

On the 13th of April, Mr. Adam opened the case 
for the Railway in the Committee of the Lords, thirty- 
three Peers being present, Lord Kenyon having con- 
sented to take the chair. 

The evidence, on both sides, was similar in effect 
to that offered to the House of Commons. On 
the subject of the Locomotive Engiue, however — 
a machine which had been represented to the House 
of Commons in so formidable a light, — evidence 
was brought forward by the opponents of the Bill; 
but so poor a case was made, and so little objec- 
tionable did the Engine appear to be, even from the 
testimony of the opponents, that the Lords did not 
think it necessary to hear any evidence on the other 
side, although it was tendered by the Counsel for 
the Bill. 

On the 20th of April, Mr. Sergeant Spankie summed 
up, on behalf of the Railway, and Mr. Alderson opened 
in opposition. 

On the 27th of April, Mr. Harrison summed up for 
the opponents, and Mr. Adam replied; after which, 
the Committee adjourned till the 1st of May. 

On that day the Committee of the Lords re-assem- 
bled, thirty-two Peers being pre.sent. On a division, 
the preamble was declared to be proved, the numbers 
being 30 in favour — 2 against. 

Amongst the Peers in favour of the Bill were Lord 
Kenyon, the Earl of Lonsdale, the Bishop of Bath 
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and Wells, the ilishop of Chester (now Bishop of 
IjOiitloii), the Marquis of Salisbury, Earl of Cassillis, 
Lorti Dacre, Earl of Caernarvon, &c. &c. 

The Earl of Derby and the Earl of Wilton were the 
Opposing^ parties. The Bill was then read a third time 
in the Lords, and passed without a division. 

Such is a brief outline uf the Parliamentary pro- 
ceedings on the Liverpool and Manchester Railway 
Bill ; a measure which called into activity very power- 
ful and contlictiog interests. It could uot, indeed, be 
expected that wealthy and long-established Companies, 
eyerr ising their joint monopolies by prescriptive right 
and undisputed usage, could contemplate with the 
liberality of advocates for free trade tlie establish- 
ment of a Company great and powerful as themselves, 
for the avowed purpose uf carrying on, by land, that 
mightytraffic and interchange of commodities between 
Liverpool and Manchester, which had been so long 
and so profitably carried on by water. To put down, 
in Umiue, a scheme so startling in its character, and 
withal so full of unknown consequences, was an object 
worthy of a strenuous and combined effort. The 
attempt was accordingly made : no labour was spared, 
ma expedient left untried, no expenditure withheld. 
The greatness of the effort, however, on the one side, 
called forth proportionate exertion on the other. The 
aggregate pecuniary cost entailed on tlie parties con- 
cerned in the contest, was not less than from sixty to 
seventy thousand pounds : it has been estimated much 
higher. But the contest is over, and the result will be 
a^ti^actory to all vttho contemplate with pleasure the 
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coininercia] prosperity of the country, or who take an 
interest in marking those great steps in the progress of 
mechanical science, the successfu] study and varied 
application of which, to arts and manufactures, have 
contributed in no small degree to raise this country 
to its present pre-eminence in wealth, power, and 
civilization. 
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. CHAPTER II. 

FORMATION OF THE RAILWAY AND EZPENDITURX. 

The first General Meeting of Subscribers, under the 
authority of the Act» was held in Liverpool on the 
29th of May, 1826, when twelve Directors were chosen 
by the Proprietors, in conjunction with three Directors 
nominated by the Marquis of Stafford, to carry into 
effect the formation of the projected Railway. The 
first meeting of Directors was on the following day, 
when Charles Lawrence, Esq. was elected Chairman, 
and John Moss, Esq. Deputy Chairman; and the 
Board immediately took into consideration the choice 
of a Principal Engineer. It was obvious, that in an 
undertaking of such magnitude, a rm(/ei»/ Engineer of 
experience and ability was indispensable; and the 
Directors naturally turned their attention to Mr. 
Stephenson, of Newcastle, a gentleman thoroughly ac- 
quainted with practical mechanics, and possessing more 
experience in the construction and working of Railways 
than perhaps any other individual. The Directors, at 
the same time, wrote to Messrs. Geo. and John Rennie, 
requesting them to undertake the professional super- 
intendence of the undertaking On the 17th of June, 
Mr. Geo. Rennie had an interview with the Directors, 
on which occasion the subject was discussed y and, in 
conclusion, Mr. Rennie proposed to the Directors to 



superintend the execution of the work, making six 
visitB per annum, and refnaining on the ground seven 
or ten days at each risit, but stipulating, at the same 
time, that the resident Engineer should be of his own 
appointing. On the 19th of June, the Directors took 
Mr. Rennie's proposition into consideration. They 
would have been glad of the professional assistance 
of Mr. Rennie, but it was their duty to take advantage 
of the best practical knowledge within their reach. 
The trust reposed in them, and the responsibility 
attaching to its due fulfilment, were loo weighty to 
allow of tlieir being much influenced by ordinary 
punctilios. Their course was direct to the great object 
they had in view. Mr. Rennie's proposition was 
respectfully declined, and Mr. George Stephenson was 
elected Principal Engineer to the Company. 

The first point of actual operation was on Chat 
Moss, where the draining was commenced in June, 
1826. The first shaft of the Liverpool Tunnel was 
opened in September of the same year, but very little 
progress was made in either of these departments of 
the work during 1826; and the earth-work (com- 
prising the cuttings and embankings along the whole 
line) was not commenced till January, 1827. It will 
not be surprising that some delay should take place 
in the first instance, before a sufficient quantity of 
waggons, implements, and materials could be con- 
structed or collected, to enable the Engineer to make 
much progress in the execution of the work. In 
Mechanics, it is found that it is not easy to ]>ut great 
weights speedily \\ilo raim\ movement; and a variety 
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of kii|Mfdkiien(# must geiieraUy be enoointMred at (1m 
€mmu€(BkMment 6f great ondertekii^^ In the eaee of 
ttie Railwujr, this {tairchaae of Utni waff a prelimiQar ji 
atap^ Feqiiiriag^ tiine and conskleralido te ixrcoiipyah; 
Bariy in 1827, kkiwever, the tAacfaia^ waa lairly m 
inotitin ; 4te lieoeaaary arrangementa ^rate felacl# ; 
asaiatant Bagioeera were app6iffMed \ aiid opeilatiofia 
m Tarioila pwta of the liae were iar prdgreaa* 

Ooe of fSie oftjeeta of the Dketetora, in the imnBaaa 
of 1836^ had beeo to make arrangeiBMnta to obtaio a 
loan of «£ 100^000. from the Exchequer Loaa Gom^ 
flNBaioners^ appointed by the anthority of Pariiamdiit 
tp* ani the completioa of paUic worka by the loan of 
aoney, under proper securities for its repa^nient by 
jnatalmenta^ ma seriea of years. On a covretipondeocje 
with the Comnussiioners^ it was considered necessary 
to^ have the authority of a special Act of Parliaittent 
Jfer the purpose v and accordingly, a General Meetidg 
of Proprietors^ on the 11th of December, 182^ em* 
powered the Directors of the Railway to apply to 
ParlisHient fo# an- Act to authorise the loan in c|ueatio». 
The Act was obtained in the spring of 1827, and ia 
June of the same year jfflOO^OOO. was received frooi 
the Commisbionevs. With the aid of this laa6# in 
addition tb the several calls on the SobscribenH tiie 
Directors were enabled to push forward the work 
with more than ordinary vigour, and conaeqtieBtly to 
give employment to an increased number of laibour^s, 
which;, at the period in questioii^ and under the eir- 
comstances of the time, was an object of no small 
importance. 
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During the whole of the year 1827, the formation of" 
the Tunnel under Liverpool was carried forward with 
spirit and perseverance. Night and day the e:fcavatioa 
proceeded,and many difficulties in the execution of the 
workhadtobeovercouie. In someplaces the substance 
excavated was a soft blue shale, with abundance of 
water ; in otlier places a wet sand presented itself, re- 
quiring no slight labour and contrivance to support till 
the masonry which was to form the roof was erected. 
In passiugunderCrown-street, near the Botanic Garden, 
for want of sufficient props the superincumbent mass 
fell in from the snrfiice, being a depth of 30 feet, of loose 
moss-earth and sand.* On some occasions the miners 
refused to work, and it not unfreqnently required the 
personal superintendence and encouragement of the 
£Dgincer to keep them at their posts. Nor is thia 
surprising, considering the nature of the operation : 
boring their way almost in the dark, with the water 
streaming around them, and uncertain whether the 
props and stays would bear the pressure from above 
till the arcli-work should be completed. Those who 
visit the Tunnel in its present state, illuminated with 
gas-lights, and traversed by horses, carriages, and 
crowds of passengers, will not easily picture to them- 
selves the original dark and dangerous cavern, with 
the roof and sides supported by shores, while the 
miners pursued their arduous task by the light of a 
few candles, whose feeble glimmer glancing on the 
water which ran down the sides, or which spread out 

* This linpiKiiL^il while llic Enjiiiiccr was absent fiom Liverpool. 
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iu a sheet below, was .barely sufficteDt to show the 
drearioess of the place. But while some portions of 
the TuDDel were excavated uoder circumstances of 
no little difficulty and danger, and requiring all the 
skill and energy of the Engineer to accomplish, other 
portions were hewn through a fine red sand-stone, 
clean, dry, and substantial, and requiring neither props 
nor artificial arching; the natural rock forming the 
roof of the excavation. 

The Tunnel was constructed in sevmi or eight 
separate lengths, communicating with the surface by 
upright shafts, through which the substance excavated 
was conveyed away. The exact joinings of tiiese 
different lengths, so as to form one complete whole, 
as now exhibited, was, of course, from time to time an 
object of considerable interest, and to the Directors of 
some anxiety ; and the accuracy with which this was 
effected is highly creditable to the Engineer, and to 
Mr. Locke, the Assistant Engineer for that department 

Nearly two-thirds of the Tunnel were completed in 
1827, at an expense of twenty thousand pounds ; and 
about the same money was expended in the cuttings 
and embankings along the line. The total expendi- 
ture of the Company on the 3 Ist of December, 1827, 
including the cost of obtaining the Act of Parliament^ 
and other preliminary disbursemeols, was <j^2 12,855. 
19s. 8d. , ^ 

Early in the year 1828, it became evident, notwith- 
standing this large expenditure, that the progress c£ 
the works was not advancing with that celerity which 
was to be desired. On the earth-work, the estimate 
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of which amounted to £138,000., only i;20,000. had 
been expended at the close of J 827. The Directors 
became fully sensible of the importance of expediting 
the whole work. The interest on the capital expended, 
and the loss of all income till the Railway, or at least 
a considerable portion of it should be completed, 
afforded motive sufficient to induce the Company to 
push forward the operations willi still increasing speed. 

In the spring of this year (1828) the Directors 
obtained an Act of Parliament for altering the line of 
roadjimproving the curves, and shortening the distance, 
by avoiding several circuitous routes, as laid down in 
the Parliamentary plan. The improved parts of the 
road are comprised between certain lands in the 
townahip of Sutton, near Rainhill, and that part of 
the line siLuale in Culcheth, near Bury-lane. 

On the 9th of June, 1828, it was reported to the 
Directors that the last joining between the several 
lengths of the Tunnel was effected, and at that time all 
very serious difficulties in the execution of this branch 
of the undertaking were surmounted. In this year 
principally, was effected the piling for the foundations 
of the piers of the great Viaduct over the Sankey valley, 
a business of much labour and cost, but indispensable 
for the security of the superstructure. About two 
hundred piles, varying from 20 to 30 feet in length, 
were driven hard into the foundation site of each of 
the ten piers. The heavy ram employed to impart 
the finishing strokes, hoisted up with double purchase 
and snail's pace to the summit of the Filing Engine, 
and then falling down like a thunderbolt on the head 
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bf thft deToted tiiiiber^ dming it perhaps a aiagle h$At 
inch into the stratmn below, is well calcnlated to put to 
the test the virtae of patience, whtte it illnttaratea the 
old adi^^ of-—^^ slow and snre/' The Viadoet oom^ 
prises nine arches of 60 feet qNUi eadi« stretching 
across the valley of the Saokey» over which the 
Railway was to be carrieiU at a height of neatly 70 
fbet above the level of the Sankey Canal. Dnri^ the 
present year (1828), was completed tlie Company's 
bridge over the turnpike road and the old Mill Dam 
at Newton, and the operations on Chat Moss were 
carried on without intermis^ioo, embanking at each 
end, and draining, levelling, &c. on the centre portions* 
On the ZUt of December ^ 1828, the total expendi- 
ture was ^461,899. 19s. Od., which included the 
following items : — 

On account of Chat Moss a?l7»503 7 3 

Cuttings &£nlbankings 84f585 19 8 

Tunnel 33,937 14 2 

Sankey Viaduct , 32,223 6 

Land^ 101,982 9 11 

Iron Rails, Chairs, &c* 83^010 3 10 
Early in the year 1829, the Directors, with the 
4(libction of the Proprietors, applied to P^trliamentand 
obtained their fourth Aetj the purport of whi^h was — 
first, to improve the termioatioh of the line at the 
Manchester end, by carrying the Railway iii a more 
direct course over the Irwell into Manchester, instead 
of allowing it to terininate nisat the New Bailey, in 
Salford, as set out ia the original plan. This alteration 
was a great improvement, as it brought the Railway 



to a station iu Water-street, in the centre of the great 
Carrying Companies' Establishments; affording.attbe 
same time, convenient access to the different parts of 
IVTanchester, whether with a view to merchandise laden 
in the Railway waggons, or passengers arriving in the 
Railway coaches; 

Another important object of the Act of the present 
year was to authorise the Company to raise an ad- 
ditional capital of eg'127,500. by 5100 ^25. shares, 
each holder of an original aglOO. share being entitled 
to one £'2b. share. The purpose of this new fund was 
to enable the Company to provide depots, machinery, 
waggons, carriages, &c. with all appurtenances be- 
longing to a Carrying Department; for it is to be 
observed, that the original Railway Act requires the 
Company to be carriers, though it does not provide 
the means of carrying. That the raising of this 
additional capital was deemed expedient by the Pro- 
prietors at large, may be inferred from the circumstance 
that only fifteen of the new shares (out of 5100) were 
declined by the parties entitled to them, under the Act. 

In the spring of 1829, the Directors were still anxious 
for increased despatch in the execution of the work, 
and the Engineer, in consequence, was instructed 
to order the Contractors at the principal cuUiugs 
throughout the line, to employ two sets of labourers, 
and to work by night as well as day. The operations 
accordingly proceeded still more rapidly tlian here- 
tofore, thougli it must be allowed at considerably 
increased expense; and had it not been for an ex,tra- 
ordiDary wet summer aud autumn, the earth- work |or 
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a complete line of commcmicatioQ' between liferpool 
and Manchester might have been accomplished by the 
end of 1829, or the beginning of 1830* and the Railway 
laid . down for operations within a few months from 
that period. As it was, very considerable delay was 
occasioned by the heavy and^ lodig-cbntimied rains, 
. besides no trifliogexpense to the Company, in pumping 
the water from the deep cuttings, whidi were too apt 
,to assume the appearance of a Canal tathar thaa a 
Railway. 

The principal structure completed in 1829; was the 
.Company's bridge to. carry the Liverpool and War- 
rington. turnpike road over the Railway at-RainhilL 
The line of the public road at this place, crosses the 
Railway in an oblique direction, at an angle of 34 
degrees, the span of the arch being 54 feet, while the 
'breadth of the Railway underthe bridge is only 30 feet. 
-It is called a Skew firidge,in popular phraseolc^y, and 
is a very fine specimen of this kind of buildit^, every 
stone of the arch beitig shaped with angles and curve 
adapted to. the position in which it is placed. The 
'Winton. bridge, over: the public road, near £ccle$, is a 
,very neat specimen: of the .same style of arch« but 
.without the massive grandeur of the bridge atRaibhill. 

In the present year, one road-rway was laid along 
.the. whole extent of Chat Moss, and the Rocket Steam 
t Engine,, with a carriage and company, passed . over it 
-on the first day of 1830. The practicability of carrying 
the Railway ovei? this Moss was seriously questioaed 
in the House of Commons, and was honestly doubted 
by uumbers who were acquainted with the soft and 
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pulpy state of this huge bop; — in some places 30 to 35 
feet deep — and so fluid, that an iron rod would sink 
through the Moss by its own gravity. The Railway, 
indeed, for the most part, floats ou the surface, its 
compactness and buoyancy in the most fluid places 
being assisted by hurdles of brushwood and heather, 
laid under the wood sleepers which support the raUs. 
The portion of ihe Moss which presented the most 
difficulty in its completion was about half a mile on 
the east border, where au embankment of about 20 
feet had to be formed above the natural level. The 
weight of this embankment resting on a semi-fluid 
base, pressed down the original surface; many thou- 
sand cubic yards gradually and silently disappeared, 
before the line of road made any approarh to the 
proposed level. Hy degrees, however, the whole 
mass beneath and on each side of this embankment 
became consolidated by the superincumbent and 
lateral pressuie, and a little perseverance finally com- 
pleted the work. 

luSeptember, 1829, was commeuced theCompany's 
bridge over the Irwell, in the improved line of road 
authorised by the Act of that year. This was the 
last great structure on the line of Railway from 
Liverpool to Manchester. 

In the appendix will be found a general abstract of 
the total expenditure of the Railway, showing the cost 
of the different branches of the undertaking. This 
document may not be without interest to those who 
shall hereafter embark in similar adventures ; though 
it will be evident that no verj e.xact rule of cojh- 
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parinoti can be laid down, whereby to estimate the 
4}09t of different Railways; for not only have the 
wages of labour and the expense of materials to be 
taken into the aocoiuit, but espeoially, the time and 
drcumstances under which the work has to be accom*- 
plidied-^whether, notwithstanding unfavourable sea- 
sons, considerations of the eariier opening of the road, 
and more speedy acquisition of a profitable income, 
may still justify the prosecution of the work with una- 
4iated vigour— 4)y nig^ as well as by dajF — even at the 
increased expense whioh will thereby unavoidably be 
^incmved. The Liverpool and Manchester Railway 
ts a magnifioent work ; birt it will be useful to keep 
in mind that such works cannot be executed except 
at an expenditure of no ordinary magnitude. This 
Bailway will cost above ^SOO^OOO.^ including the 
^arge for stations and depots at each end, and 
macbinery, engines, waggons^ &c. for a carrying 
department. The immense traffic between Liverpool 
and Manchester amply j ustifies this outlay. Bat with 
reference to any similar scheme, in extension of the 
Railway system, it is desirable the promoters should 
impartially calculated the cost of the wot^^^s well as 
the ittcoufte it may be e&pected to produoe; Mid 
especially that they should make an ample allowanoid 
beyond the first estimate of the expenditure, hefore 
^y etnbark in the Mudertukiiig. 






CHAPTER III. 



DESCRIPTION OF THE RAILWAY— EXCU RSI OH FROM LIVERPOOL TO 



There is so little iti scenery that is interesting on the 
turnpike road from Liverpool to Manchester, that a 
formal description of the way between the two towns 
may appear to be rather an unpromising undertaking. 
The traveller along the Railway, however, will 
speedily admit that there is little similitude between 
the two routes ; the whole character, structure, and 
appearance of the Railway being altogether different 
from the geneia! aspect of the turnpike road. Instead 
of a udifoi'm, fl^t, and uninteresting country, the line 
of Railway is diversified continually by hill and dale, 
offered to the contemplation of the traveller in a sort 
of inverse presentment ; the passenger by this new line 
of route having to traverse the deepest recesses, where 
the natural surface of the ground is the highest, and 
being mounted on the loftiest ridges and highest em^ 
bankments, riding above the tops of the trees, and over- 
looking the surrounding country, where the natural 
surface of the ground is the lowest,^-lh\s peculiarity 
and this variety being occasioned by that essential 
requisite in a wpll-coustructed Railway — a level line — ■ 
imposing the necessity of cutting through the high 
lands and embanking across the low ; thus, in effectf 
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presenting to the traTeller all the wmrietj of mountain 
and ravine in pleasii^ anccession, whilst in reality he 
is mofring almost on a level plane, and while the natmid 
face of the country scarcely exhibits even those sl^t 
ondnlations which are necessary to reliere it from 
tameness and innpidity. 

To accomplish a complete snnrey of the Railway, 
we should commence our journey of observation at 
the Liverpool end, in the Company's yard^in Wapping. 
Here the lower entrance of the great Tunnel is acces- 
sible through an open cutting, 22 feet deep and 46 
feet wide, being space for four lines of Railway, with 
pillars between the lines to support the beams and 
flooring of the Company's warehouses, which are 
thrown across this excavation, and under which the 
waggons pass to be loaded or discharged through 
hatchways or trap doors communicating with the 
stores above ; wagons loaded with coal or lime passing 
underneath the warehouses to the open wharfe at the 
Wapping end of the station. 

Proceeding along the Tunnel, the line of Railway 
curves to the right, or south-east, till it reaches the 
bottom of the inclined plane, which is a perfectly 
straight line, 1980 yards in length, with a uniform rise 
of three-quarters of an inch to a yard. The Railway 
from Wapping to the commencement of the inclined 
plane is level ; the whole rise, therefore, from Wapping 
to the Tunnel mouth, at Edge-hill, is 123 feet. The 
Tunnel is 22 feet wide and 10 feet high, the sides 
being perpendicular for five feet in height, surmounted 
by a semicircular arch of 11 feet radius: the total 
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fength is 2250 yards. It is cut through various stratal 
ofred rock, blue shale and clay, but principally through 
rock of every degree of hardness, from the softest 
sand-stone to the most compact free-stone, which the 
axe or the chisel will with difficulty penetrate. It 
frequently was found necessary, in the progress of thef 
work, to make an artificial vault of masonry, which 
has been effected by brick arch-work in those places 
where the natural rock could not be trusted to support 
the superincumbent mass. The height from the roof 
of the Tunnel upwards to the open surface of the 
ground, varies from 5 feet to 70^ the greatest mass of 
superstratum being in the vicinity of Hope-street and 
Crabtree-lane. The whole length of this vast cavern 
is now furnished with gas-lights, and the sides and 
roof are whitewashed, to give better effect, to the 
illumination. The different colours and peculiar apr 
pearance of the varying strata through which the 
Tunnel passes are thus hidden from view, and the 
attention is no longer attracted to those faults or slips 
in the solid rock, which indicate that the whole mass 
has been rent asunder by one or more of those terrible 
convulsions of nature, of which the, traces are so fre- 
quently visible, but of which no other record remains. 
The geologist will be disappointed, in traversing this 
subterranean vault, to find the natural varieties con- 
verted by lime-water into one uniform and artificial 
appearance ; but the principle of utility is paramount 
in a commercial undertaking. 

At the upper or eastern end of the Tunnel, the 
traveller emerges into a spacious and noble area, 40 

H 
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feet below the surface of the ground, cut out of the 
solid rock» and surmounted on every side by walls 
and battlements. From this area there returns a small 
Tunnel, 200 yards in length, 15 feet wide, and 12 feet 
high, parallel with the large one, but inclining upwards 
in the opposite direction, and terminating in the 
Company's premises in Crown-street, at the upper 
and eastern boundary of La verpool ; being the principal 
station for the Railway coaches, and the depot for 
coals for the supply of the higher districts of the town. 
Proceeding eastward from the two Tunnels, the road 
passes through a Moorish archway, at present un- 
finished, whichis toconnect the two Engine-houses, and 
will form the grand entrance to the Liverpool stations. 
This structure is from a spirited design of Mr. Foster's, 
a representation of which I have placed as a suitable 
Frontispiece to this account of the Railway. The tra- 
veller nowfindshimself on theopen road to Manchester, 
and has an opportunity of contemplating the peculiar 
features of a well-constructed Railway, the line in this 
place being perfectly level ; the slight curve, which was 
unavoidable, beautifully set out; the road-* way clean, 
dry,and freefromobstructions; and the rail sfirmly fixed 
on massive blocks of stone. Crossing Wavertree^]ane» 
the Railway descends for 5^ miles at the rate of four 
feet in the mile, — a declivity so slight and uniform 
as not to be perceived by the eye, but still sufficient 
to give a mechanical advantage and facility of motion 
to a load passing in that direction. The road a little 
beyond Wavertree-lane is carried through a deep 
marie cutting, under several massive stone archways. 
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thrown across the excavation to form the reqaisite 
communications between the roads and farms on the 
opposite sides of the Railway. Beyond the marie 
cutting is the great rock excavation through Olive 
Mount, about half a mile to the north of the village 
of Wavertree. Here the traveller passes through a 
deep and narrow ravine, 70 feet below the surface of 
the ground, little more space being opeued out than 
suiBcient for two trains of carriages to pass each other ; 
aod the road winding gently round towards the south- 
east, the prospect is bounded by the peipeudicular 
rock on either side, with the blue vault above, relieved 
at intervals by a bridge high over head, connecting the 
opposite precipices. The sides of the rock exhibit 
already the green surface of vegetation, and present 
altogether far more of the picturesque in their appear- 
ance than might be expected from so recent an 
excavation. At night, when the natural gloom of the 
place is further deepened, the scene from the bridges 
above will readily be iutagiued to be novel and striking. 
The light of the moon illuminating about half the 
depth, and casting a darker shade on the area below— 
the general silence interrupted at intervals by a noise 
like distant thunder — presently a train of carriages, 
led on by an Engine of fire and steam, with her lamps 
like two furnaces, throwing their light onward in 
dazzling signal of their approach — with the strength 
and speed of a war-horse the Engine moves forward 
with its glorious cavalcade of merchandise from alt 
countries aud passengers of all nations. But the 
s|)ectacle is transient as striking j iu a oioment the 
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{Migeant is gone — the meteor is passed ; the flaring of 
the lamps is only seen in the distance, and the observer, 
looking down from the battlement above, perceives 
that all again is still and dark and solitary. 

Emerging from the Olive Mount catting, yon 
approach the great Roby embankment, formed of the 
materials dug ontof the excavation we have described. 
This embankment stretches across the valley for about 
two miles, varying in height from 15 to 45 feet, and 
in breadth at the base from 60 to 135 ket. Here the 
traveller finds himself affected by sensations the very 
reverse of what he felt a few minutes before. Mounted 
above the tops of the trees, he looks around him over 
a. wide expanse of country, in the full enjoyment of the 
fresh breeze, from whatever quarter it may blow. 

This vast embankment strikingly exhibits how much 
may be accomplished when our efforts are concen- 
trated on one grand object. There is a feeling of 
satisfaction by no means common-place, in thus over- 
coming obstacles and surmounting difficulties, in 
making the high places low and the rough places 
plain, and advancing in one straight and direct course 
to the end in view ; while the pleasure afforded by 
the contemplation. of this great work is further en- 
hanced, when considered in contrast with ordinary 
and every-^day impressions. 

. After passing the Roby embankment you cross the 
Uuyton turnpike road, leaving Huyton Church and 
village on the left hand, and proceed in a slightly 
curved direction to the bottom of the inclined plane 

alt Wbistou, between seven and eight miles from the 
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Company's station in Liverpool, This plane rises iti 
the ratio of three-eighths of an inch in a yard, (or 1 in 
96.) It is a mile and a half long in one straight lin6, 
and the inclination (being so slight) would scarcely 
attract observation, did not a decrease in the speed of 
the carriages indicate that an important change had 
taken place in the level of the way. At the top of 
the Whiston inclined plane there is a portion of the 
road (nearly two miles in length) on the exact level. 
About half a mile from the top of the inclined plane, 
the turnpike road from Liverpool to Manchester crossed 
the line of the Railway at an acute angle of 34 degrees, 
and is carried over the Railway by a substantial stone 
bridge, of very curious and beautiful construction, 
being built on the diagonal or skew principle, each 
stone being cut to a particular angle to fit into a par- 
ticular plac^, the span of the arch, measured at the 
face, being 54 feet, while the width of the Railway 
underneath, measured from wall to wall, is only 30 
feet, — each face of the arch extending diagonally 45 
feel beyond the square. Rainhill bridge is nine miles 
from the Company's yard in Wapping, and it was 
underneath and on each side of this bridge that the 
experiments took place with the Locomotive Engines 
which contended for the premium of ^500. in October, 
1829. 

Passing over the summit level at Rainhill, we come 
to the Sutton inclined plane, which descends in the 
opposite direction, and is similar in extent and incli- 
nation to the Whiston plane, the top level being 82 
ieet above the base of each plane. Par Moss is the 
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next object of attention, the road-way acroM the 
prinGipal part of it being formed by the depoMt of 
heavy material (clay and stone) dag out of the Sutton 
inclined plane. This Moss is about 20 feet deep, and 
the material forming the Railway, as it was deposited, 
sank to the bottom, and now forms an mnbankment 
in reality 25 feet high^ though only four or five feet 
appears above the surfiiu:eof the Moss« The borders 
of this waste are in a state of increasing cultivatioB^ 
and the carrying of the Railway across this Moss will 
hasten the inclosure of the whole area. 

Leaving Par Moss, we soon af^oach the great 
valley of the Sankey (about half way between Liver* 
pool and ManchesterX with its Canal at the bottom, 
and its flats or barges in full sail passing to and fro, 
between the River Mersey^ near Warrington, and the 
great Coal districts near St. Helen's. Over this valley 
and Canal, and over the topmasts and high peaks of 
the barges, the Railway is carried along a magnificent 
viaduct of nine arches, each 50 feet span, built princi* 
pally of brick, with stone facings, the height from the 
top of the parapets to the water in the Canal being 70 
feet, and the width of the Railway between the 
parapets 25 feet. The approach to this great structure 
is along a stupendous embankment, formed principally 
of clay, dug out fi*om the high lands on the borders of 
the valley. Looking over the battlements, there is a 
fine view down the valley to the south — Win wick 
spire rising in the distance, and below you, the 
little stream of the Sankey running parallel with 
the Canal ; while the masts and sails of the vessels^ 
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seen at intervals in the landscape where tlio Canal is 
no longer visible, present a vivid apeciinen of inland 
navigatioi). Immediately below you, the barges, as 
they approttcb the bridge, escape from view for a few 
minutes,till, having sailed under your feet, tbey become 
again visible on the opposite side of the viaduct. 

On leaving the Sankey, we speedily approach the 
town of Newton, or rather the borough ; for this 
ancient and loyal place sends two representatives to 
Parliament, under the auspices of Colonel Legh, M. P. 
A few hundred yards to the south of the town, the 
Railway crosses a nan-ow valley by a short but lofty 
embankment, and a handsome bridge of four arcbes, 
each 40 feet span. Under the eastern arch the turn- 
pike road passes from Newton to Warrington, and 
beneath another arch flows a stream which tunis an 
old corn mill, immediately below the bridge. Adjacent 
also, is situate one of those antique mansions, built in 
the ancient baronial style, whose white exterior, with 
black oak crossings and pointed gables, harmonizes 
■well witli the rude scenery around. 

A few miles beyond Newton is the great Kenyou 
excavation, from which about 800,000 cubic yards of 
clay and sand have been dug out, part being carried to 
form the line of embankment to the east and west of 
thecutting; and theremainder,depo6ited as spoil banks, 
maybe seen heaped up, like Peliou uponOssa, towering 
over the adjacent land. Near the end of this cutting, 
theKenyouand Leigh Junction Railwayjoins the Liver- 
pool and Manchester line by two branches, pointing to 
the two towns respectively. This Railway joins the 
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Bolton and Leigh line, and thus forms the connecting 
link between. Bolton, Liverpool, and Manchester, 
From the Kenyon excavation the transition is easy to 
the Brosely embankment, formed of the material dug 
out of the cutting, as before described. Moving 
onward, we pass over Bury-lane and the small River 
Gless, or Glazebrook, being arrived on the borders of 
the far-famed Chat Moss. This barren waste com- 
prises an area of about twelve square miles, varying iii 
depth from 10 to 35 feet, the whole mass being of so 
spongy and soft a texture that cattle cannot walk over 
it. The bottom is composed of clay and sand, and it 
is not an uninteresting, if not a very profitable specu- 
lation, to carry our ideas back to that remote period 
when the sea flowed over the basin of this huge fungus. 
There are they who profess, by examining the vege- 
table fibre of the Moss, to calculate its age; as the 
fortune-teller will cast your nativity by the furrows in 
your hand. No doubt this mass of vegetable matter 
is still increasing. The flower and the leaf of the 
heather still bud, grow to maturity, and fall; and the 
process of decomposition amalgamates the new and 
the old fibre ; but what is thus deposited has been 
previously extracted from the Moss, save what has 
been supplied from the hydrogen and. other gases 
absorbed and combined in this great laboratory. At 
a very moderate calculation. Chat Moss comprises 
sixty millions of tons of vegetable matter; and we 
shall leave to philosophers to calculate in how many 
centuries this weight could be drawn from the clouds 
^nd the air. Northward of the Moss, in the distance, 



is Tildsley Church, one of the diodem Partidmedlai'y 
edifices ; and as we approach the eastern bortndary, 
conspicuous on a gentle eminence to the left, is Woraley " 
Hall, the seat of R. H. Bradshaw. Esq. M. P. so well 
kDOfrn as Trustee for the management of the Duke of 
BridRewater's Canal. 

Beyond Chat Moss we traverse (he Barton embank- 
ment, crossing the low lands for about a mile between 
the Moss and the Worstey Canal, over which the 
Railway is carried by a neat stone bridge. At this 
spot it is evident you are approaching a manufacturing 
district. On the batiks of the Canal a great cotton 
factory rears its tall sides, with its hundred windows, 
and the fly-wheel of its steam-engine pursuing its 
continuous and uniform revolutions, as if symbolical 
of that eternal round of labour and care, of abundant 
toil and scanty remuneration, of strained exertion and 
insufficient repose, which, through day and night, 
through seed time and harvest, through years of civili- 
zation and ages of barbarism, have been the condition 
and tenure on which the existence of so large a portion 
of mankind has depended. 

From the Barton embankment we soon arrive at 
Eccles, four miles from Manchester, leaving to the 
right the vicarage and parish church of that village. 
Between this place and Manchester the Railway passes 
at no great distance from several country seats and 
villas, whose rich lawns and flourishing plantations 
afford an agreeable variety, after the great sand hills' 
at Kenyon, or the wide waste of Chat Moss. 

The immediate approach to Manchester, by the 
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Railway, is through a portion of Salford, as little inter- 
esting as can well be imagined. Over the River Irwell 
the Railway is carried by a very handsome stone 
bridge, and then over a series of arches, into the Com- 
pany's station in Water-street and Liverpool-road, 
Manchester ; from which the traveller whose object is 
pleasure rather than business, will probably make his 
way, without loss of tirae« to the more genial attrac- 
tions of the Albion Hotel, or New Bridgewater Arms* 



CHAPTER IV. 

MECHANICAL PRmClPLBS AND PROPCnTIES. AS APPLICABLE TO RAILWAYS. 

The most obvious mechanical advantage which a 

Railway possesses over a common turnpike road, is to 

be found in its superior hardness and smoothness of 

surface. This comparative advantage, it is evident, 

can be measured by no fixed standard ; though it is . / / 

common to estimate it in the proportion of seven to one. 

It should constantly be home in mind, however, that 

this ratio of superiority in favour of a Railway can only 

exist on an exact level. Let there be a very moderate 

ascent — such as on an ordinary road would scarcely 

attract observation — one foot in fifty for instance, and 

the effect of a horse on a Railway is at once reduced 

to about one-fifth of its effect on a horizontal plane; 

and on arriving at such an inclination, with a load 

calculated for a level, the horse would be unable to 

move a single yard with the utmost exertion of its 

strength ; while on a common road, undulations such 

as I have stated are of ordinary occurrence — a horse 

being able to exert a sufficiently increased power as 

be ascends the eminence, and relieving himself as he 

descends on the opposite side. But let it not be 

imagined that the absolute resistance occasioned by a 

certain inclination, is more on a Railway than on a 

turnpike road : it is precisely the same, and this 

peculiarity in the comparative result may be easily 
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explained. The resistance on a Railway to the 
progress of the carriage wheels (sometimes called the 
rolling friction) being only about one-seventh what it 
is on common roads, the ordinary load on a level 
Railway is seven times as great as the load cm a 
turnpike road. Consequently, when the force of 
gravity is brought into operation by an ascending plane, 
this opposing force (of gravity) being proportioned to 
the had^ will be seven times as great as on a turnpike 
road. 

Most of the Railways hitherto constructed have had 
an inclination downwards^ being for the conveyance of 
coal from the pits to the river side. For purposes of 
general traffic, however, and where there is any thing 
like an equality of tonnage passing in both directions, 
it cannot be too constantly kept in view, that to render 
the moving power unifonnly effective, and to raaintaio 
for the Railway its full comparative advantage over 
the common roads, it must, as far as practicable, be 
level. In the Liverpool and Manchester line, this 
object has been in a great measure attained, as will 
appear from the annexed section. From the top of the 
Liverpool Tunnel to Manchester, with the exception 
of two inclined planes at Rainhill (one ascending and 
the other descending at an inclination of 1 in 96, and 
where some assistant power must be used), there is 
no greater inclination than in the ratio of about 1 in 880 ; 
and since the advantage on the descending sicje will 
nearly counterbalance the disadvantage in ascending 
so gradual a slope, the Railway may be regarded, for 
practical purposes, as nearly horizontal. 
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A level line being attained, it is scarcely of less 
importance that the Railway should be s^at]g~/t^, or at 
least free from any nJrw^i curves. As carriages are 
kept on the rail by flanges on the wheels, it is obvious 
that where the curves are quick, the frictioa on the 
sides of the rails, and consequent retardation, must 
be very great. This is a point which, till lately, has 
not been sufficiently attended to. In the Liverpool 
and Manchester Railway, the curves seldom exceed 
a deviation from a straight line of more than 4 inches 
in 22 yards; forming a segment of a circle, which, if 
extended, would embrace a circumference of fifteen 
miles. The setting out of the curves on the ground is 
a work requiring considerable skill and exactness, 
and the manner in which this is performed affects the 
real efficiency of the Railway no less than it does the 
style and beauty of its appearance. 

The material of which the rails were to he composed, 
whether of cHsi or ofyorg-ediron, was a matter of some 
importance. Each description of rail hasitsadvocates; 
but after due consideration, and inquiry into their re- 
spective merits, the Directors determined to adopt the 
forged or rolled iron rail, in lengths of five yards each, 
made after Mr, Birkinshaw's pattern, as described in 
Mr. Nicholas Wood's excellent book on Rail ways. A 
similar rail is used on Ihe Darlington way, but some- 
what tighter; the Darlington rail weighing 28 lb. and 
the Liverpool and Manchester 35 lb. per lineal yard. 
The rails are supported every three feet on stone blocks, 
each block containing nearly four cubic ft-et of stone. 
Two holes, six inches deep and an inch diameter, are 
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drilled in each block, and into these are driven oak 
plugs ; and the cast-iron chairs or pedestals, to which 
the rail is immediately fitted and fastened, are firmly 
spiked down to the oak plugs; forming, altogether, a 
construction of great solidity and strength. On the 
embankments, where the foundation may be expected 
to subside, the rails are laid on oak sleepers. 

But supposing the Railway to be completed, of the 
most improved construction and the best material, the 
kind of carriage to be used, and the power to be em- 
ployed, afford scope for ample discussion and the 
most conflicting opinions; for so new, or so little 
understood, it would seem, is the application of me- 
chanical principles to a Railway, that as much difficulty 
presented itself to the Directors, in their endeavours 
to come to a conclusion on these points, as if the 
matter at issue involved a question of law or meta- 
physics. On the first announcement of a projected 
Railway, on a complete scale, from Liverpool to 
Manchester, the ingenuity of speculative mechanics 
anticipated the most astonishing results to be obtained 
from the most undeniable and acknowledged prin- 
ciples. It was understood to have been previously 
ascertained by Coulomb and Professor Vince, that 
friction (as applicable to carriages) was the same at 
all velocities. It seemed to follow, that on a level 
Railway, where friction constituted the whole resist- 
ance, the inert mass being once put in motion, it would 
be as^ easy to travel twenty miles per hour, as Jive. 
The fallacy of this idea arises in a good measure from 
a i;iiisconception of the operation of the principle 



alluded to — that thejriclion is the same at all velocities 
— from which it appears to have heen inferred, that if 
you provide a power sufficient to overcomethe friction 
at a very slow speed, and call that power one, and 
then apply additional power to augnient the speed ten 
fold, yon may at pleasure relinquish this additional 
power, and continue to move at the ten fold speed 
with the power one. The truth is, however, that for 
every ratio of increased speed yon must exert increased 
power, and must continue to use it. Oti a level 
Railway, friction constitutes the whole resistance ; and 
if it require a certain power to overcome such resist- 
ance at two miles per hour, it will require ten times 
that power to overcome the resistance at twenty miles 
per hour, and it will require W\e increased power to be 
continued as long as the speed is intended to he kept 
up. If to convey a certain load at the rate of five 
miles per hour requires a Locomotive Steam Engine 
with a hoiler and pistons of a certain given area, then 
to move the same load at the rate of fifteen miles per 
hour, the boiler and cylinders (if there be no improve- 
ment in the construction) must be three times the area. 
In this latter case, therefore, there will be three times 
the steam (or power) expended per hour, but the 
journey will be effected in one-third the time: the 
tvhole expenditure of steam (or power), therefore, in 
overcoming the friction will be nearly the same, 
whether the journey be performed at a slow or a quick 
speed. We will suppose, for illustration, that a 
weight has to be raised, instead oi friction to be over- 
come — the same principle will hold good. If it require 
a certain power to raise a ton weight one hundred feet 
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high in ten minates, it will require Un times the potrer 
to raise it the same height in one minute — that is, at 
ten times the speed ; yet a ton is a ton, at all velocities, 
exactly as friction is the same, whatever the speed. 
There is another error on the subject of friction, to 
which it may be a« well briefly to advert. Mr. Raokiii, 
in his publication on Railways,* lays it down as a 
principle, that ^* the friction of wheel carriages is equ^l 
in equal times ;" and in proof of this position, details 
several experiments with a carriage drawn by a weight 
descending from a pulley, which weight, he found, fell 
according to the ascertained law of gravity, accele- 
rating in the known ratio, in equal portions of time. 
It appears to me that the result, as stated, proves that 
friction is equal in equal spajcea, and not in equal times. 
Mr. Rankin does not give either the moving weiglits, 
the load drawn, or the velocity, as not being necessary 
to determine the principle. 1 will suppose a case, 
therefore, to illustrate my position* A weight, by the 
law of gravity, will fell — 

16 feet in the 1st second of time, 

48 feet in the 2d second of time, 

80 feet in the 3d second of time. 

Now the same weight, with the load or carriage 

attached to it by means of a rope and pulley, we will 

suppose to fall — 

5 feet in the 1st second of time, 
15 feet in the 2d secotid of time^ 
25 feet in the 3d second of time, 
Accelerating as before^ according to the law of gravity. 

* A Popular Exposition of the Effect of Forces on a Rulway, with some £zperi'> 
mentaon Friction. By David Rankin, Esq. Glasgow, 1828. 
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Thus we have a descent, in equal times, of 5, 15, 25, 
instead of 16, 48, 80. That is, the friction of the 
carriage caused the weight to fall in the first second 
only 5 feet instead of 16, being a retarding force of 11. 
In the second period the fall was 15 instead of 48, 
being a retarding force of 33, or in the proportion of 15 
to 5. In the third second of time the fall was 25 feet 
instead of 80 — being a retarding force of 55 — -being as 
25 to 5, or exactly in proportion to the spaces passed 
over, and not at all according to the times; in perfect 
conformity, however, with the law of gravity. In 
Mr. Rankin's experiment the friction was a uniformly 
retarding force, which we have supposed to be 1 1 out 
of 16 ; but, whether it were 11 or 3 in the first 16 feet, 
it would be the same in ever^ MjJ'eet: the friction, 
therefore, by the experiment was equal in equal spaces. 
Oil the other hand, supposing the friction to be equal 
in equal times, a power which would move a carriage 
six miles in one hour, would encounter only onefourth 
the friction in traversing the same six miles in one- 
quarter oi -An hour, wbirh would be very convenient, 
if it were the fact, hut experiment corroborates the 
doctrine, that the same resistance has to be overcome, 
and therefore the same power must be expended, in 
traversing a certain space, whatever be the time— 
whether yon take one hour or three to accomplish it. 

Of course, in laying down this general rule as an 
approximation to the truth, we suppose a perfect 
Railway. If the road present considerable inequalities 
or obstructions, the greater the speed, the greater will 
be the resistance, from the shocks to be encountered. 



66 

Moreover* at great velocities the resistance of the 
otr must not be left out of the calcolation. At ten 
miles per hour it has beeu foaud, by experiment, that 
the resistance of the atmosphere is about half a pound 
weight on a square foot of flat surface ; at fifteen miles 
the resistance is I lb. per square foot ; and at twenty 
mites about 2 lb. per square foot ; the increased re- 
sistance being nearly as the squares of the velocities. 
Now if we snppose the moving power calculated to 
draw, at twenty miles per hour, one carriage we%hiog 
4 tons, and presenting in front a surfoce of 20 square 
feet* the resistance of the air would be 20 x 3 = 40 lb., 
or 10 lb. per ton drawn ; being about as much as the 
friction, and consequently doubling the whole resist- 
ance. In practice, it will probably be expedient to 
fasten a train of carriages to one moving power, in 
which case the first wa^on, or the Engine itself, will 
bear the brunt of the air's resistance; which, con- 
sidered in proportion to the whole weight drawn, and 
avoiding, as far as may be, square flat sur&ces in front 
of the procession, will be less important. On the 
other hand, it seei»s probable that a further modifi- 
cation must be admitted at very high speeds; for we 
can easily imagine a velocity, where the prefeeiile fierce 
must be so great as very much to diminish thegravilg^ 
and consequently the friction. But again, as we are 
acqoaioted with no convenient power but steam, with 
which toefiecira|Hd motion^— and since steam loses part 
of its force from a very quick transmission through the 
cylinders — or since, if you keep the velocity of your 
piston moderate, you m^ist increase your speed by a 
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cotuplicatioi] of wheels, or a diminution of your cranks, 
in which case the loss by the friction of the rubbing 
parts would be greater than by the quick uiovenieut 
of the pistous, any gain by the diminution of gravity 
at high velocities, will be more than counterbalanced 
by the mechanJca! disadvantages we have stated ; 
bringing out the practical result, within a certain range 
for weight and speed, pretty nearly in conformity with 
the rule as above laid down — subjct, however, to 
exceptions and irregularities, tending to prove, that 
when the construction of an Engine is adapted to a 
quick speed and a light load, you cannot, with pro- 
portionate advantage, substitute a heavy load and a 
slow speed ; while it would be equally unavailing, with 
an Engine calculated for a heavy load and a slow 
pace, to attempt to substitute a light load and a high 
speed. 

But without dwelling any longer on the difficulty of 
reducing, with minute exactness, abstract principles 
to practical operation, it will easily be imagined that 
the consideration of the kind of power to be employed 
on the Railway occupied no small portion of the 
Directors' time and attentioo: whether horses — or 
Locomotive Engines — or Fixed Engines, drawing tlie 
load, by means of ropes, from one station to another. 
Each of these modes had been tried, and each had its 
advocates, for in this case experience had by no means 
settled the point at issue. 

Multifarious were the scliemea proposed to the 
Directors, for facilitating Locomotion, Communi- 
cations were received from all classes of persons, each 
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recommending an improved power or an improved 
carriage; from professors of philosophy, down to the 
humblest mechanic, all were zealous in their proffers 
of assistance; England, America, and Continental 
Europe were alike tributary. Every element and 
almost every substance were brought into requisition, 
and made subservient to the great work. The friction 
of the carriages was to be reduced so' low that a silk 
thread would draw them, and the power to be applied 
was to be so vast as to rend a cable asunder. Hydrogen 
gas and high-pressure steam — columns of water and 
columns of mercury — a hundred atmospheres and a 
perfect vacuum — machines working in a circle without 
fire or steam, generating power at one end of the pro- 
cess and giving it out at the other — carriages that con- 
veyed, every one its own Railway — wheels within 
wheels, to multiply speed without diminishing power — 
with every complication of balancing and countervailing 
forces, to the neplus ultra of perpetual motion. Every 
scheme which the restless ingenuity or prolific imagi- 
nation of man could devise was liberally offered to the 
Company : the difficulty was to choose and to decide. 
The great theatre of jpi'ac/iciiZ operations on Railways 
was on the Stockton and Darlington line, and on the 
Railways in the vicinity of Newcastle-on-Tyne. AH 
the established modes of conveying carriages on 
Railways were there exemplified — Horses, Loco- 
motives, and Fixed Engines. Facts were wanted to 
lead to a correct decision, and personal observation 
seemed necessary, in order to arrive at a satisfactory 
results The. Directors accordingly appointed two of 



their own body, accompanied by the wriler, to proceed 
to Darlington and the neighbourhood of Newcastle, to 
obtain on the spot, the requisite information, and to 
report the same to the Board, with their opiniou on 
tlie subject. This journey of inspection took place 
in the beginning of October, 1828, and the Deputation 
returned witli a fund of information ; but of so mixed, 
and in some respects of so contradictory a nature, that 
thegreat question as tothecomparativemerits of Loco- 
motive and Fixed Engines wasas far from being settled 
as ever. One step was gained. The Deputation was 
convinced, that for the immense traffic to be antici- 
pated oij the Liverpool and Manchester line, horses 
were out of the questiuo. The debateable ground 
being thus narrowed, how was the remaining point to 
be decided ? Was a capital of ^g 100,000. to be in- 
vested in Stationary Engines or in Locomotives? The 
Directors resolved to obtain the assistance of two 
professional Engineers, who should visit theDarlington 
and Newcastle Itailways, carefully examine the work- 
ing of the two species of mechanical power, taking 
note of the advantages and disadvantages of each, 
make an accurate calculation of the cost of both modes 
of conveyance, and report to the Board fully on the 
whole subject. 

James Walker, Esq. of Limehouse, and J. U. 
Rastrick, Esq. of Stourbridge, being severally applied 
to for the purpose, undertook the office assigned to 
them. On the 12tb of January, 1829, Ibey attended 
at the Board of Direction in Liverpool, previous to 
their setting out on their professional tour. On the 
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8th of the following March, their separate Rqwrts od 
the comparative merits of the two systemB of moving 
power, were laid before the Directors, and ordered to 
be printed. 

It may be supposed that the great question wa^ 
now finally set at rest, and that the Directors would 
have no further difficulty in coming to a decision on 
the points at issue. Just the reverse. The advan- 
tages and disadvantages of each system, as far as 
deduced from their own immediate observation, were 
fully and fairly stated, and, in the opinion of the 
Engineers themselves, were pretty equally balanced. 
The cost of an establishment of Fixed Engines between 
Liverpool and Manchester, they were of opinion, 
would be something greater than of Locomotives, to 
do the same work ; but the annual charge, including 
interest on capital, they computed would be less on 
a system of Fixed Engines than with Locomotives. 
The cost of moving a ton of goods thirty miles, that 
is from Liverpool to Manchester^ by Fixed Engines, 
they estimated at 6.40d., and by Locomotives at 
8.36d., supposing in each case a profitai>le traffic hoti 
wajfs. But with a system of Locomotives, the cost 
of the first establishment need only be proportioned 
to the demands of the trade ; while with Stationary 
Engines, an outlay for a complete establishment would 
be required in the first instance. And it was further 
to be considered, that there appeared wore ground 
for expecting improvemenU in the construction and 
working of Locomotives than of Stationary Engines. 
On the whole, however, and looking especially at Ibt 
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compnted annual charge of workn^ the road on the 
two systems on a large scale, Messrs. Walker and 
Rastrick were of opinion that Fixed Engines were pre- 
ferable, and accordingly recommended their adoption 
to the Directors. 

On a careful consideration of the real state of the 
case at this moment, it will not be matter of surprise 
that the Directors still felt themselves unable to come 
to a decision on the subject ; more especially when it 
is remembered that Mr. Stephenson, the Company's 
Engineer, was decidedly, as he had niiiformly been, 
in favour of Locomotive Engines, which he was con- 
fident would be found to be the most economical and 
by far the most convenient moving power that could 
be employed. On the whole, therefore, the Directors 
found themselves in pretty much the same situation 
as they were before the recent survey was undertaken. 
The leaning on the part of a majority of the Directors 
was in favour of Locomotives, provided they could be 
constructed of adequate power and at a less weight 
than the travelling Engines then in use, which were 
generally 8 to 9 tons in weight, and some still heavier ; 
the consequence of wliich was no small injury to the 
Railways, and proportionate expent<e in keeping the 
road in repair. And further, it was quite essential, 
according to the provisions of the Railway Act, that 
they should noi smoke. The Directors determined to 
obtain, if possible, a Locomotive Engine of improved 
construction, that should comply with these con- 
ditions. Mr. Harrison had for some time been of 
opinion, that the excitement of a reward, publicly 
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offered by the CompaDy, would be the most likely 
means to obtain for them what they were in search of. 
In this opinion bis brother Directors now coincided ; 
and accordingly they resolved, on the 20th of April, 
1829, to offer a premium of <£500. for the most im- 
proved Locomotive Engine, subject to certain stipu- 
lations and conditions, a copy of which I subjjotQ : — 

'« Railway Office, Liverpool, 25th April, IS29. 

" STIPULATIONS AND CONDITIONS 

*' On which the Director* of the Liverpool and Manchester Railway 
offer a premium of £500. for the most improved Locomodve Engine. 

'' Ist. — The said Engine must " efiectually consame its own 
smoke/' according to the provisions of the Railway Act, 7th Geo. IV. 

'' 2d. — The Engine, if it weighs six tons, must he capable of 
drawing after it, day by day, on a well-constmcted Railway, on a 
level plane, a train of Carriages of the gross weight of twenty tons, 
including the Tender and Water Tank, at the rate of ten miles per 
hour, with a pressure of steam in the boiler not exceeding 50 lb. on 
the square inch. 

" 3d. — ^There must be two Safety Valves, one of which must be 
completely out of the reach or control of the Engine-man, and n^tfaer 
of which must be listened down while the Engine is working. 

*' 4th. — The Engine and Boiler must be supported on springs, and 
rest on six wheels ; and the height, from the ground to the top of the 
chimney, must not exceed fifteen feet 

" 5th. — The weight of the Machine, with its complement of water 
in the boiler, must, at most, not exceed six t<ms ; and a Machine of 
less weight will be preferred, if it draw after it a proportionate weight; 
and if the weight of the Engine, &c. do not exceed^ve ions, then the 
gross weight to be drawn need not exceed fifteen tons ; and in that 
proportion for Machines of still smaller weight — ^provided that the 
Engine, &c. shall still be on six wheels, unless the weight (as above) 
be reduced to four tons and a half, or under, in which case the 
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boilca-, &c. may be placed on four wheels. And the Company sha!! 
be at liberty to put the boiler, fire tube, cylinders, &c. to the test of 
a pressure of water not exceeding 1 50 lb. per square inch, without 
being answerable for any damage the Machine may receive in 
consequence. 

" 6th. — There must be a mercurial gauge affixed to the Machine, 
with index rod, showing the steam pressure above 4.5 lb. per square 
inch; and constructed to blow out a pressure of fiOlb. per inch. 

" 7th. — The Engine to be delivered complete for trial, at the 
Liverpool end of the Railway, not later than the 1 st of October next, 

" 8th. — The price of the Engine, which may be accepted, not to 
exceed £550., delivered on tlie Railway ; and any Engine not 
approved, to be taken back by the owner. 

" N. B. — The Railway Company will provide the Engine Tender, 
with a supply of water and fuel, for the experiment. The distance 
within the rail.i is four feet eight inches and a half." 

Meanwhile, atl measures relative to the moving 
power were suspended, till the result of the trials of 
the specimen Eiif^iues should be ascertiiiiied. On the 
6th of October, which was the day subsequently fixed 
for the trials, four Locomotive Steam Engines were on 
the ground appointed at Rainhill, a level portion of the 
Railway, about nine miles from Liverpool. Ttiatthe 
Directors might come to the most correct decision on 
the merits of the different machines produced, lliey 
had engaged the professional assistance of Mr. 
Rastrick, of Stourbridge, and Mr. Nicholas Wood, 
of Killingworth, both Engineers of great practical 
knowledge; aided by the co-operation of John Ken- 
nedy, Esq. of Manchester, who kindly complied with 
the request of the Directors, that he would be one of 
ihe Judges, on the occasion. 

The Steam Engines which were entered on the 
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lists to contend for the premium, were the " Novelty/* 
a beautiful machine, of a new construction, built by 
Messrs. Braithwaite and Ericsson, of London ; the 
'' Rocket," built by Messrs. Robt. Stephenson and Co. 
of Newcastle, with a boiler of a new construction^ 
suggested by the writer of this account ; the " Sans 
Pareil," built by Mr. Timothy Hack worth, of Dar- 
lington ; and the •* Perseverance," by Mr. Burstall, 
of Leith. 

The peculiarity of the exhibition, on the several days 
of trial, attracted a large concourse of spectators; and 
the, unexampled speed of the " Novelty" and the 
** Rocket'' excited universal surprise and admiration. 
The trial of these Engines, indeed, may be regarded 
as constituting a new epoch in the progress of me- 
chanical science, as relating to locomotion. The most 
sanguine advocates of travelling Engines had not 
anticipated a speed of more than ten to twelve miles 
per hour. It was altogether a new spectacle, to 
behold a carriage crowded with company, attached 
to a self-moving machine, and whirled along at the 
speed of thirty miles per hour. The contest for the 
premium was principally between the " Novelty" and 
the " Rocket." This latter Engine was the first to 
undertake the task assigned by the Judges, as a test 
of the Engine's power. The distance appointed to be 
run was seventy miles ; and it was a condition, that 
when fairly started, the Engine should travel on the 
road at a speed of not less than ten miles^ per hour, 
drawing after it a gross weight of 3 tons for every 
ton weight of itself. The prescribed distance it should 
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be understootl was, owing to tlie circumstances of the 
Railway, obliged to be accomplished by moving 
backwards and forwards, on a level plane of one inile 
and three-quarters Iq length. Of course, the Engine 
had to pass along the plane forty times, having to 
make as many stops, and each time to regain the lost 
speed and momentum. On the 8th of October, the 
*' Rocket," weighing 4 tons 5 cwt. including the water 
in the boiler, started on her journey at about half-past 
ten in the morning, and performed the first thirty-five 
miles in three hours and twelve minutes, being nearly at 
the rate of eleven miles anliour. About a quarter of an 
hour was then consumed in filling the water tank and 
obtaining a fresh supply of coke. The second ihirty- 
five miles were performed in two hours and fifty-seven 
minutes, or at the rate of twelve miles per hour, 
including stoppages. The whole time, from the first 
starting to the final arrival, was under six hours and a 
half. The speed over the ground, with the prescribed 
load, was frequently eighteen miles per hour, and 
occasionally upwards of twenty. The whole perform- 
ance was considerably greater than required by the 
stipulations, or than had hitherto beeu accomplished 
by a Locomotive Engine. 

The " Novelty" was the next Engine which under- 
took the appointed task ; but owing to some derange- 
ment having occurred in her pipes or machinery, she 
was obliged to slop almost at the commencement of 
the task assigned. Another day was appointed, and 
another derangement look place. It became evident, 
Ihjerefore, she was not in a state of coinpletenesK to 
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warrant the Proprietors in prolonging the cbntest. 
Accordingly, they informed the Judges that tfaey 
withdrew from the competition on the present occasion ; 
having, nevertheless, full confidence in the merits and* 
principle of the Engine, and in its relative performance, 
when they should have repaired the defects in tb^ 
structure or workmanship of the machine. 

The Darlington Engine, the " Sans Pareif,'' was 
the next on the list ; but being 5 c wt. above the weight 
prescribed in the conditions, it may not be necessary 
to discuss her merits in other respects. Mr. BurstalK 
after consideration, withdrew from the contest, lea ving^ 
the field to the " Rocket.'' The Report of the Judges 
corresponded with the above statement, and the Direc- 
tors accordingly awarded the premium to the writer 
of this account and the Messrs. Stephensons, to whose 
excellent construction of the machinery I was much 
indebted for the favourable award of the Umpires. 

From this date,the q uestion between Locomotive and 
Fixed Engines must beconsidered as practically settled. 
The fitness of Locomotives for the purposes of travel- 
ling'^ at almost any speed that could be desired, was 
strikingly exemplified ; and the importance of this cir- 
cumstance was duly estimated; the conveyance of pas- 
sengers between Liverpool and Manchester having long 
been considered a valuable branch of the undertakings. 
There still remained one point to be settled — I allude 
to the kind of power to be employed in ascending the 
inclined planes of Whiston and Sutton. These planes 
are each a mile and a half long, with an inclination of 
three-eighths of au inch to a yard, being a rise of I in 
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96. Stationary Engines on the summit, with ropes 
passing over sheaves or puUies along tlje whole ascent, 
are the means resorted to at the incHned plane in the 
Liverpool Tunnel ; also on the Darlington inclined 
planes, and at the collieries in the north. It was quite 
evident, however, that such a plan of operations in the 
centre of the Liverpool and Manchester liue, with the 
interruption to be expected from a change of the 
moving power, to say nothing of the danger always 
to he apprehended from a system of ropes and pullies, 
was to be avoided, if possible. It became an object, 
therefore, of no small interest to ascertain the power 
of the new Locomotives on the planes in question ; 
and in the first place, as the effective power of the 
Engine is necessarily limited by the adhesion of the 
wheels on the rails (in as much as if a force be exerted 
beyond that point, the wheels will turn round, while 
the carriage will remain stationary), it was important 
to know whether this difficulty was likely to occur on 
the planes in question. It has been ascertained that 
the adhesion of the Engine wheels (as now constructed' 
with wrought-iron tires) on wrought-iron rails is equal 
to Tnth of the weight of the machine, in the most un- 
fevourable state of the rails, If the Engine weigh 4| 
tons, the adhesion on the four wheels would be Voth 
of that weight, or about 500 lb, ; or supposing — which 
is frequently the case — that the machinery is only 
connected with two wheels, then, if the weight be 
equally divided, the adhesion will be =250 lb.; which, 
nmltiplied by 200 (theyi'/c/iojt being only i^th of the 
gravity of the load), gives '22 tons as the load, rom- 
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meusurate with the adbesiou, in the moBt un&vourable 
state of the raiTs, — about 40 tons being the adhesive 
load in an average state of the rails. Now these being 
the data, an inclined plane rising one yard in a hundred, 
will present no impediment on the ground of adhesion, 
provided the system be to maintain the same speed 
throughout the journey ; for supposing, as above, that 
the adhesion of the Engine wheels on the leyel, be 
= 250 lb., it will be the same on the inclined plane, 
minus rhrth part (2| lb.) ; a difference so small as 
to occur, every day, in the varying states of the 
rails, and quite unnecessary to be taken into the 
calculation. The question to be decided, therefore, 
was the power of the Engine to take a load up the 
inclined plane, the adhesion being equal to the power, 
at similar speeds. For instance, 7 tons on an inclined 
plane rising one in a hundred, is a proportionate load 
to 30 tons on a level, at fifteen miles per hour, the 
weight of the Engine being 4^ tons, as explained here- 
after. But if it be attempted to take 30 tons up the 
plane, by going proportiouably slower^ the power of 
the Engine might do this, but the adhesion of the 
wheels would be insufficient, and they would turn 
round, while the Engine stood still, because 30 tons 
on the inclined plane = 99 tons on a level, and we 
have supposed the adhesion to be equal to 40 tons on 
a level. It follows, therefore, either that the Engine 
must be worked below the adhesiveness of the wheels 
on the level, or you cannot increase the proportionate 
load, by diminishing the speed on the inclined plane. 
During the trials for the premiunii at Raiuhill, the 
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'* Rocket" frequently asceiuleil the Whiston inclined 
plane, with a carriage holding twenty to liiirty pas- 
sengers, at a speed of fifteen to eighteen miles per 
hour ; and the ease and regularity with which this was 
effected produced a general and contident impression, 
that even up the inclined planes,the Locomotive Engine 
would he the power employed. Indeed, the feeling 
at the moment, was very prevalent, that it was imma- 
terial whether the Engine travelled up an inclined 
plane, or on a level ; and various schemes were speedily 
in agitation for converting turnpike roads into Railways, 
regardless of the ordinary inequalities of the ground. 
Time and reflection will correct a notion so plausible, 
but yet so erroneous ; otherwise the most grievous dis- 
appointments will be the consequence. Dazzled and 
gratified with the spectacle of the Engine, with her 
carriage and twenty passengers, (uoving np the plane 
at a speed hitherto not attained by the swiftest mails, 
the spectator forgot, or was not aware, that she would 
have taken ybwr carriages, each with its score of pas- 
sengers, at the same speed, on a level; or, iu more 
general terms, that the annual perj'urtnance of a Loco- 
motive Engine, on a level Railway, would be about 
four times as great as on an inclined plane, rising 
one yard in a hundred. I have said about four 
times ; for the comparative ratio will depend much on 
the weight of the Engine, the speed of travelling, and 
the construction of the carriage wheels and axles. 
The more power you can comprise in the same weight 
of Engine, the greater will be her comparative per- 
formance on ?in inclined plane ; and on the other hand, 
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(he greater the imfirovemeDtia wheels and axles, and 
the more the /rictian is diminished, the greater will be 
the comparative performance on a level. Mr. Nicholas 
Wood, in his book on Railways, estimates the friction 
of loaded waggons at tvv of the load moved; that is, 
that one pound weight, suspended over a pulley, 
would draw 2001b. on a level Railway. Since Mr. 
Wood made his experiments, further improvements 
have been made in the construction of wheels and 
axles ; perhaps to the extent of 25 per cent., leaving 
the amount of friction on a level Railway rfv of the 
load moved, or 9 lb. per ton. This ratio, however, 
allows nothing for the resistance of the air : it sup- 
poses both waggons and Railway in very complete 
order, and the line an absolute and undeviating level. 
Moreover, experiments on the friction of waggons 
have generally been made on single waggons ; and 
there is reason to believe, that the resistance offered 
by a number of waggons fastened to each other is 
greater than the proportionate weight would indicate : 
and this may be accounted for by the separate car- 
riages being out ofsqtiare^ with reference to each other, 
thereby occasioning a straining and lateral friction. 
On the whole, perhaps, we shall come sufficiently near 
the truth if we adopt Mr. Wood's ratio of tJtt as the 
amount of resistance to a train of waggons on a level 
way, under ordinary circumstances of rails and 
waggons, wind and weather. The inclination of the 
Whiston plane being I in 96, the opposing force of 
gravity of any load on its ascent will be trth of the 
whole weight moved ; or if we say i^th part, the 
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resistance by gravity will be double the resistance by 
friction. It will follow, then, that if a Locomotive 
Engine, weighing 4 tons 10 cwt. is exactly able to draw 
after it 30 tons weight on a levels at fifteen miles per 
hour (which I estimate to be the power of an Engine 
on the '^ Rocket" principle, with the latest improve- 
ments), the same Engine will draw only 7 tons, at the 
same speedy up an inclined plane rising one yard in a 
hundred. This result may be illustrated as follows : — 

The load drawn on the inclined plane is declared 

to be 7 tons. 

Now the ar/c/i^09ia/ resistance (by 
gravity) is double the resist- 
ance by friction ; then, as the 
load drawn is 7 tons, the ^rat;i7y 
of the plane equals the friction 

of 14 tons. 

But the Engine weighs 4 tons 

10 cwt., and is opposed by a 

force of gravity equal to the 

friction of double that weight, 

or « 9 tous. 

Therefore 7 tons on the inclinedy 30 tons on a levels at 
plane equals the draught o( ..) 15 miles per hour. 

Or the same result may be brought out by another 
process, as follows : — The gross weight proposed to 
be drawn on a level is 30 tons, at fifteen miles per hour, 
on which the friction, estimated at tW» = 336 lb. 

M 
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Then, on an inclined of 1 in 100, the gross 
weight is declared to be 7 tons, on which 

the friction, estimated at tAv, is = 78.41b. 

Resistance by gravity, tvv of 7 tons = 156.8 „ 

Resistance by gravity on 4|- tons, the weight 

of the Engine at tvv = 100.8 „ 

= 336 lb. 
The resistance to be overcome, in both instances, 
being 336 lb., at fifteen miles per hour, besides 
the /f-ictiofi of the Engine, which does not enter 
into the calculation in either case — the effective per- 
Jbt'niance being what is required for all practical pur- 
poses. If a slower speed be submitteS to, a heavier 
load may be drawn on the level, and the performance 
on the inclined plane (if the adhesion be sufficient) 
will be found, by the same formula, to be more than 
proportionably greater; the resistance by gravity of 
the Engine being a fixed quantity, but smaller, compara- 
tively^ as the load drawn is greater. Thus an Engine 
of the same weight being exactly able to draw 45 tons 
on a level, at ten miles per hour, would take 12 tons 
on the inclined plane at the same speed. 

Because the load on the incline being 12 tons, 

The resistance by gravity is double that by 

friction, or 24 „ 

And the resistance by gravity of the Engine 

being equal to double its weight on a level = 9 „ 

= 45 tons, 
on a level. 

I am aware that the recent performance of Loco-. 
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motives, on our inclined planes, has been considered 
greater than in the ratio I have given : it is very pos- 
sible, however, that the attained speed and moraentuni 
of the Engine and carriages, before commencing the 
ascent, have not been taken into the account. The 
"Comet" Locomotive (a new Engine, on tlie" Rocket" 
principle) had to ascend the Whiston inclined plane 
with about 20 tons behind her. With this load, she 
attained a speed of sixteen or eighteen miles per hour, 
on the level way, before coming to the ascent. Assisted 
by this momentum, she accomplished the task : her 
speed, however, diminished from sixteen or eighteen 
miles to about three or four miles per hour, before she 
reached the top ; the distance being one mile and a 
hair, and having sufficient steam the whole time. Now 
it would be quite erroneous, from these data, to take 
the average speed between three miles and eighteen, 
and to infer that the power of the Engine was equal 
to convey a load of 26 tons, up an inclination of 1 in 
9G, at ten miles and a half per hour; her real power, 
as shown by the experiment, and estimated in a cofi- 
/in?imo- speed with the load as stated, being only three 
or four miles, or proportionate to about 7 tons up the 
same plane, at fifteen miles per hour. It becomes 
worthy of remark, therefore (connected with this 
branch of our subject), that in considering the section 
for a projected Railway, the length of the inclined 
planes should be taken into the account, as well as 
the steepness of ascent ; since, on a plane half a mile 
long, it is evident much more may be accomplished 
than on one, three or four times that length. 
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The actual cost of conveyaoce by Railway and 
Locomotive Engines is perhaps not yet very accurately 
ascertained. The necessity of using coke instead of 
coal, in order to comply with the Parliamentary re- 
strictions as to smoke, will increase, in some degree, 
the expense of the Engines on the Liverpool and 
Manchester line.* Until the late trials, it was douUful 
how far coke could be used at all, except at a very 
serious sacrifice of the power and efficiency of the 
En^ne. By an improved construction of machine, 
this difficulty is in a great measure obviated ; and the 
difference in expense between coke and coal, which 
still subsists, should be cheerfully borne by Railway 
Companies, to relieve the community at large from 
the volumes of dense black smoke, with which, it is 
to be feared, Railways will be disfigured, where there 
is no Parliamentary enactment, to protect the public 
from so serious and unnecessary a nuisance. 

* The consumption of ecikej by the difl&ient Engines in the ordinaiy business and 
working of the Railway, has yet to be determined by exjierience. Messrs. Braithwaite 
and Ericsson, the patentees of the '* NoTelty," have contracted with the Company to 
furnish an Engine not exceeding 5 tons weight, which shall draw 40 tons gross fifom 
LiTcrpool to Manchester in two hours (being assisted up the inclined plane), the 
consumption of cOke not to exceed half a pound weight per ton drawn per mile. 



^ CHAPTER V. 

^ CONSIDERATIONS— MOHAl COMMERCIAL—ECONOMICAL. 

Before coiichiding our account of the Railway, we 
shall take a single glance at the position we occupy, 
and the probable changes, whether for good or evil, 
which may be expected to occur (as the consequence 
of our operations) in the state and circumstances of the 
community around. The first and most obvious result 
must needs be a great revolution in the established 
modes of conveyance, both for merchandise and pas- 
sengers, between Liverpool and Manchester ; and 
consequently in the private interests of a large class of 
persons, who have been engaged, directlyorindirectly, 
in the coaching or carrying business. An undertaking 
like the Liverpool and Manchester Railway, com- 
pleted at a cost, including its macbinery and carriages, 
of upwards of o£800,000. for a line of thirty-oue miles, 
and professing to be decidedly superior to existing 
establishments, cannot be brought imperceptibly or 
silently into operation. Jiut though a great change 
must take place in the application of capital, and the 
distribution of revenue, amongst large companies and 
wealthy proprietors, the effect on the whole, with 
reference to the employment of the labouring classes, 
may be considered as decidedly favourable. It lias 
frequently beeu matter of regret, thai in the progress 
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of mechanical science, as applicable to trade and 
manufactures, the great stages of improvement are too 
often accompanied with severe suffering to the indus- 
trious classes of society. The machinery of the 
present day continually supersedes that of a few years 
back ; and as the substitution of mechanism for manual 
labour is the object generally aimed at, immediate 
privation to the labouring community seems the inevi- 
table result. It has consequently been a subject of 
speculation, how far the rapid extension of manufieu:- 
tnres, by the instrumentality of successive improve- 
ments in machinery, is advantageous to a country, as 
regards its moral and social condition. I recollect 
that, during the progress of the Railway Bill through 
Parliament, when some members of the Railway 
Committee waited on Lord Harewood,and urged the 
advantages to trade and manufactures to be anticipated 
from the facilities of communication to be afforded by 
the Railway, his Lordship denuirred at once to our 
proposition, that any new impetus tp manufactures 
would be advantageous to the country. And before 
this point can be settled, we must determine the 
broader and more general question, whether it be 
desirable that a nation should continue in the quiet 
enjoyment of pastoral or agricultural life, or that it 
should be launched into the bustle and excitement of 
commerce and manufactures. We must refer to the 
history of th^ world, and compare the characters and 
capabilities for happiness, of different ages and nations. 
We must decide between qualities of different kinds 
and claims of opposite characters— between the simple 



" Rocket" frequently ascended the Whiston inclined 
plane, with a carriage Iiolding twenty to thirty pas- 
sengers, at a speed of fifteen to eighteen miles per 
hour ; and the ease and regularity with which this was 
effected produced a general and confident impression, 
thateven uptheinclined planes, theLocoinotiveEngine 
would he the power employed. Indeed, the feeling 
at the moment, was very prevalent, that it was imma- 
terial whether the Engine travelled up an inclined 
plane, or on a level ; and various schemes were speedily 
inagitation for converting turnpike roads into Railways, 
regardless of the ordinary inequalities of the ground. 
Time and reflection will correct a notion so plausible, 
but yet so erroneous ; otherwise the most grievous dis- 
appointments will be the consequence. Dazzled and 
gratified with the spectacle of the Engine, with her 
carriage and twenty passengers, moving up the plane 
at a speed hitherto not attained by the swiftest mails, 
the spectator forgot, or was not aware, that she would 
have taken ybur carriages, each with its score of pas- 
sengers, at the same speed, on a level; or, in more 
general terms, that the annual performance of a Loco- 
motive Engine, on a level Railway, would he about 
four times as great as on an inclined plane, rising 
one yard in a hundred. I have said about four 
times ; for the comparative ratio will depend much on 
the weight of the Engine, the speed of travelling, and 
the construction of the carriage wheels and axles. 
The more power you can comprise in the same weight 
of Engine, the greater will be her comparative per- 
formance on an inclitied plane ; and on the other hand. 
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mensurate with the adhesiou, in the mo8t unfavourable 
state of the rails, — about 40 tons being the adhesive 
load in an average state of the rails. Now these being 
the data, an inclined plane rising one yard in a humlred, 
will present no impediment on the ground of adhesion, 
provided the system be to maintain the same speed 
throughout the journey ; for supposing, as above, that 

the adhesion of the Engine wheels on the level, be 

* 

= 250 lb., it will be the same on the inclined plane, 
minus rMh part (2§ lb.) ; a difference so small as 
to occur, every day, in the varying states of the 
rails, and quite unnecessary to be taken into the 
calculation. The question to be decided, therefore, 
was the power of the Engine to take a load up the 
inclined plane, the adhesion being equal to the power, 
at similar speeds. For instance, 7 tons on an inclined 
plane rising one in a hundred, is a proportionate load 
to 30 tons on a level, at fifteen miles per hour, the 
weight of the Engine being 4^ tons, as explained here- 
after. But if it be attempted to take 30 tons up the 
plane, by going proportiouably slower ^ the power of 
the Engine might do this, but the adhesion of the 
wheels would be insufficient, and they would turn 
round, while the Engine stood still, because 30 tons 
on the inclined plane == 99 tons on a level, and we 
have supposed the adhesion to be equal to 40 tons on 
a level. It follows, therefore, either that the Engine 
must be worked below the adhesiveness of the wheels 
on the level, or you cannot increase the proportionate 
load, by diminishing the speed on the inclined plane. 
During the trials for the premium, at Raiuhill, the 
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" Rocket" frequently asceiuletl the Whiston inclined 
plane, with a carriage holding twenty to thirty pas- 
sengers, at a speed of fifteen to eighteen miles per 
hour ; and the ease and regularity with which this was 
effected produced a genera! and confident impression, 
thateven uptheinclined planes, the LocomotiveEngine 
would he the power employed. Indeed, the feeling 
at the moment, was very prevalent, that it was imma- 
terial whether the Engine travelled up an inclined 
])lane, or on a level ; and varions schemes were speedily 
in agitation for converting turnpike roads into Railways, 
regardless of the ordinary inequalities of the ground. 
Time and reflection will correct a notion so plausible, 
but yet so erroneous ; otherwise the most grievous dis- 
appointments will be Itie consequence. Dazzled and 
gratified with the spectacle of the Engine, with her 
carriage and twenty passengers, moving np the plane 
at a speed hitherto not attained by the swiftest mails, 
the spectator forgot, or was not aware, that she would 
have takenyoMr carriages, each with its score of pas- 
sengers, at the same speed, on a level; or, in more 
general terms, that the annual performance of a Loco- 
motive Engine, on a level Railway, would be about 
four times as great as on an inclined plane, rising 
one yard in a hundred. I have said about four 
limes ; for the comparative ratio will depend much on 
the weight of the Engine, the speed of travelling, and 
the construction of the carriage wheels and axles. 
The more power you can comprise in Wie s2L\iie weight 
of Engine, the greater will be her comparative per- 
formance on Vku inclined plane; an<l on the other hand. 
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the greater the improvement in wheels and axles, and 
the more the/riction is diminished^ the greater will be 
the comparative performance on a level. Mr. Nicholas 
Wood, in his book on Railways, estimates the friction 
of loaded waggons at ttv of the load moved; that is, 
that one pound weight, suspended over a pulley, 
would draw 2001b. on a level Railway. Since Mr. 
Wood made his experiments, further improvements 
have been made in the construction of wheels and 
axles ; perhaps to the extent of 25 per cent., leaving 
the amount of friction on a level Rail way -rhf of the 
load moved, or 9lb. perton. This ratio, however, 
allows nothing for the resistance of the air : it sup- 
poses both waggons and Railway in very complete 
order, and the line an absolute and undeviating leveK 
Moreover, experiments on the friction of waggons 
have generally been made on single waggons ; and 
there is reason to believe, that the resistance offered 
by a number of waggons fastened to each other is 
greater than the proportionate weight would indicate : 
and this may be accounted for by the separate car- 
riages being out of square^ with reference to each other, 
thereby occasioning a straining and lateral friction. 
On the whole, perhaps, we shall come sufficiently near 
the truth if we adopt Mr. Wood's ratio of t^ as the 
amount of resistance to a train of waggons on a level 
way, under ordinary circumstances of rails and 
waggons, wind and weather. The inclination of the 
Whiston plane being 1 in 96, the opposing force of 
gravity of any load on its ascent will betrth of the 
whole weight moved ; or if we say T^th part, the 
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resistance by gravity will be double the resistance by 
friction. It will follow, then, that if a Locomotive 
Engine, weighing 4 tons 10 cwt. is exactly able to draw 
after it 30 tons weight on a levels at fifteen miles per 
hour (which I estimate to be the power of an Engine 
on the " Rocket" principle, with the latest improve- 
ments), the same Engine will draw only 7 tons, at the 
same speedy up an inclined plane rising one yard in a 
hundred. This result may be illustrated as follows : — 

The load drawn on the inclined plane is declared 

to be 7 tons. 

Now the additional vefi\si^xiQe (by 

gravity ) is double the resist- 

ance by friction ; then, as the 

load drawnis 7 1 ons, the ^ranV^ 

of the plane equals i\\e friction 

of 14 tons. 

But the Engine weighs 4 tons 

10 cwt., and is opposed by a 

force of gravity equal to the 

friction of double that weight, 

or 9 tons. 

Therefore 7 tons on the inclined y 30 tons on a levels at 
plane equals the draught of .< ) 15 miles per hour. 

Or the same result may be brought out by another 
process, as follows : — ^The gross weight proposed to 
be drawn on a level is 30 tons, at fifteen miles per hour» 
on which the friction, estimated at drv» = 336 lb. 

M 
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hogsheads of sugar or coffee with the celerity of a 
parcel by the post-coach ; and the warehausMian in 
the Metropolis will be supplied with his bales of slpriog 
goods, from Manchester, in less time than he has beeu 
accustomed to receive his patterns, by the flying van. 

But we must not confine our views to London, or 
Liverpool, or Manchester : there can be no' question 
that foreign countries will adopt the Railway com- 
munication, as one great step in HiechaQicai improve- 
ment and commercial enterprise. France and Ger- 
many and America have already their Railways ; and 
the Pasha of Egypt may be expected to follow close 
on the heels of his brother potentaties. The country 
of the Pyramids, of Memphis, and of Thebed, shall 
then be celebrated for Railways and Steam Carriages; 
the land of the proud Mameluke or the wandering 
Arab, of Sphynxes and Mummies, will become the 
theatre of mechanical invention, science and the 
arts. The stately Turk, with his turban and slip- 
pers, will quit his couch and his carpet, to mount 
his Engine of fire and speed, that he may enjoy the 
delight of modern locomotion. So long is itj «nce a 
reward was offered to the inventor of a new pleasure, 
that some scepticism were excusable as to the possi^ 
bility of any great and novd excitement. But the 
Locomotive Engini^ and Railway were reserved for 
the present d.^y. ^ From yvest to east, and from north 
to south, the mechanical principlie, the philosophy of 
the nineteenth century, will spread and extend itself. 
The world has received a new impulse To the for- 
tunate few, who are independent of times and circuoi-^ 



stances, the present moment is a period of more than 
ordinary interest; to the world at large, it continues, 
as it was wont to be, a season of labour and difficulty- 
Whether the period will ever arrive when a whole 
community shall enjoy the pleasures and satisfactions 
to be expected from that happy combination of the 
powers and capabilities of the human race, which is 
conceivable, but has hitherto been realized only by 
the Utopian theorist ; — whether we shall ever see 
united, the energy, activity, and enterprise of a rehned 
and commercial people, with the simplicity and quiet 
enjoyment of philosophical life, in its most favoured 
aspects ; — whether the period will sometime come, 
when the fervour of an earnest enthusiasm — religious, 
moral, social — shall not be inconsistent with the cal- 
culations of the merchant, or the speculations of the 
political economist; — when science and literature, 
commerce and the arts, and all the stirring influences 
of man's nature, in the highest state of wealth and 
civilization, shall be enlisted to promote the improve- 
ment and well-beitig of the whole community ; — when, 
by a happy alchemy, the iron and the golden age shall 
be amalgamated, and man be allowed to enjoy the 
benefits of two states of society, hitherto deemed 
incompatible, or at least separated, in our experience, 
by intervening centuries, if indeed either counterpart 
has ever been realised, — These are &peculations which 
we may glance at, for a moment, in passsing, and 
forget when the visiou is gone. But the world and its 
inhabitants are constantly before us; and here we find 
no pause or resting place — no period of uninterrupted 
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et^yment or repose^ for the miUioii. The geoms of 
Watt» or Davy, or St^benson, may improve the alate 
of HitioBS, or the fortuoes of individaats^ but k affects 
not the coDditioD of the great siasa <tf the bainatt race : 
for this consuDimaktioii we Drost look to o&er scieiiees 
than cfaeoaiatry and mechaaica; to the tardy overthrow 
of prejudice, and the alow prc^resa of oopopnlar truth ; 
to the diffiision of that knowledge which teaches the 
laws and principles on which depend the moral, 
pbysical, and political condition, the subsistencot and 
well-being of mankind. 

Meanwhile, the genius of the age, like a mighty 
river of the new world, flows onward, full, rapid, 
and irresistible. The spirit of the times must needs 
manifest itself in the progress of events, and the 
movement is too knpetnous to be stayed, were it 
wise to attempt it. Like the ** Rocket" of fire and 
steam, or its protcrtype of war and desolation^-^whethep 
the harbinger of peace and the arts, or the Engine of 
hostile attack and devastation*— though it be a futile 
attempt to oppose so mighty an impulse, it may not 
be unworthy our ambition, to guide its progress and 
direct its course. 
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GENERAL ABSTRACT op EXPENDITURE to SIot MAY, 1830. 



Advertising Account £ 332 1 4 

Brickmaking Account 9}724 4 4 

Bridge Account 99,065 11 9 

Charge for Direction 1,911 

Charge for Fencing 10,202 16 5 

Cart Establishment 461 6 3 

Chat Moss Account 27,719 11 10 

Cuttings and Embankments 199,763 8 

Carrying Department, comprising 

Amount expended in Land and Buildings for) 
Stations and Depots, Warehouses, Offices, &c. >- £35,538 
at the Liverpool end ) 

Expended at the Manchester Station 6,159 

Side Tunnel, being the approach to the Crown-street \ o >ioe a a 
Station !: j 2,485 

Oas Light Account, including cost of Pipes,! | /v^/. /v '^ 

Gasometer, &c J *»"*^ " " • 

Engines, Coaches, Machines, &c 10,99111 4 

66,219 11 4 

Formation of Road 20,568 15 5 

Iron Rail Account 67,912 2 

Interest Account (balance) 3,629 16 7 

Land Account 95,305 8 8 

Office Establishment 4,929 8 5 

Parliamentary and Law Expenditure 28,465 6 11 

Stone Blocks and Sleepers 20,520 14 5 

Surveying Account 19,829 8 7 

Travelling Expenses 1,423 1 5 

Tunnel Account 34,791 4 9 

Tunnel Compensation Account 9,977 5 7 

Waggon Account 24,185 6 7 

Sundry Payments for Timber, Iron, Petty Disbursements, &c. \ a 007 17 • 

not mduaed in the foregoing Accounts j ' ' * 

£r^,165 6 



M 



Coiiimi'iicin!} at the Lirerpool enil. 



■SCHEDULE OF BRIDGES ON THE 

1 U 4.1 

E 



1 Parki' Bridie 

3 Old Lull! Bridge 

3 Wriahl's Bridge 

4 lUllibDnc'fi Idne Br)d)!e 

filSandown Bridae 

8:MiUI*neArchwa)' 

7JWa¥ntt« Noolt Bridge 

olAinnworth's BridRC.. 

9 Case'i Bridgr, No. I 

iD Ditto, No. 2 

J Childw&ll Lkne Bridge 

I2 Pilch Ifluie Bridge 

i3 JADileion'i Bridge 

14 I«rd Derby's Bndge 

6 Duon's Bridge 

.6 B»ir> Bridge 

17HuvionHi!y BridfiB 

IB Seel's Bridge 

IM Lee's Utidge, No. 2 

■0 Ditto. No. 1 

'I VThislon Bridge, No. 1 

- — ■ No.3 

cupslion Bridge . 

le Bridge 

ISSwne Iione Bridge 

!6 Spring L " 
17 Raiataill 

!8 Bourne's 

iHAIanhall'iiCrou Bridge 

a»Smion Bridge 

(ISanlioy ViEduct 

■ffiLegh's Cattle Arch iraj 

3Sandy Main's Bridge 

4 Newlon Bridge ., 

' Parkaide Bridge 

I'OekingtIuiDn Lane Bridge ... 

i: Kenyon Tutinel 

« Haidman-B Bridge 



-10 



fli 



QU Bridge . 



Olaiebrook BH&e 

ilodgkinson'ii Cattle Bridge 

Chat MossfFnune) Bridge 

Lcgh's Brick Arch 

Worsley Brook. Oreat Culvert... 

Ttafford's Bridge 

Sandy Lane Bndge 

Winlon Skew Bridge 

Canal (Duke's) BrTdge 



la Monki* Hall Bridge 

14 Ercles Bridgfl 

i/lWhItaker'sMillDani 

.fi.Slothard's Occupation Bridge 

i7 Gore Booth's Bridge 

i8 CtOM Lane Bridge 

a Bridges— No. " 



No. 2 

No, 3 

OId6eld Lane Bridge 

13 Irwell Bridge 

Sundi; Culvertt, Foot Bridges, i 



Square. 
Square. 



Askew! 
Square. 
Square. 



Ashler. 
Brick-work. 

Ashler! 

Ashler. 

Brick arch and ashler qvi 



Tiiubeifin stone pien 

Ashler. 
Wood iviih stone piiE 

AshlCT, 

Ashler and nibble. 
Ashler, 
Ashler. 

Bricklwork. 
Brick -work. 
Brick.work,with stone h 
Brick- work. 
Brlck.work. 
llrick-work. 
Brick.work. 
Brick -work. 
Brick.woit. 
Brick-work. 
Brick.work. 



Askew. 
Askew. 

coDipentalion 



Brick. 

Brick and timber. 

Brick. 

Brick. 

Brick. 

Stick and stone qanli 

Brick and stone piWle 

Dressed ashler. 

Brick. 

Brick and slooe qiunDi 

Jrick.work and Muml) 

Brick. 

Brick. 

""^ Brickf " 

Brick. 

Brick and stone quota 

Brick and stone quoiH 

- . - Ashler. 

of Uccupatitm Bridges -~ 



LIVERPOOL AND MANCHESTER RAILWAY. 





h 


t\ 


Il 




ridth of way, in feet, 
between Skie Walls 




eight under thecentre 
of the Ardi, trom 


i 


L 


ope of coroniaa road 
under the Railway. 


1 




i 






\ 


i>utments, whet 
Rock, Masonry 
Brick Work. 


ridth of way, in 
Detween PanuMti 


• 


• 

f 

-< 


Railway or con 
road, in feet 


ope of common 
over the Railwi 


uroberoffeetoon 
road is raimli 


umber of feetcon 
road is ncni:. 


COST. 




w 


< 


15- 




t? 




X 




5} 


Eo 


Z 


^ 










Ft. 


In. 


Ft. 


In. 


Ft. 


In. 






Ft. In. 


Ft. In. 


£. 5. D. 


1 


Stone. 


Masonry. 


28 





30 





26 


9 


L#evel. 


^^ 


_ 


_ 


741 5 9 


2 


Stone. 


Brick. 


12 





30 





18 





Level. 


»_ 


.— 


UnMd. 


156 10 


9 


Stone. 


Brick. 


15 





30 





18 





Level. 


„„_ 


,_ 


... 


184 5 6 


4 


Stone. 


Masonry. 


23 


6 


30 





24 


3 


Level. 


._ 


_ 


Unfshd. 


973 14-2 


6 


Stone. 


Masonry. 


15 


8 


40 





40 


6 


Level. 


_i« 


... 


^^ 


765 13 1 


6 


None. 


Rock. 


60 





25 





35 





Level. 


.^ 


_ 


... 


91 3 11 


7 


Stone. 


Rock. 


20 





37 


6 


18 





Iin20 


^_„ 


3 


^. 


274 9 4 


9 

8 


Stone. 


Masonry. 


34 


6 


12 





13 


6 


._ 


Level. 


... 


... 


418 6 10 


9 


Stono. 


Masonry. 


34 


6 


12 





16 





^^ 


Level. 


» 


^ 


418 2 


10 


Stone. 


Masonry. 


34 


6 


12 





16 





^_ 


Level. 


.._ 


.1.. 


493 3 


11 


Stone. 


Masonry. 


66 


6 


14 





16 





_ 


Level. 


_ 


... 


346 12 1 


12 


Stone. 


Masonry. 


34 


6 


16 





16 





, 


lin 30 


m^ 


5 6 


270 1 


13 


Stone. 


Masonry. 


34 


6 


12 





18 





._ 


Level. 


—^ 


_ 


202 7 


14 


Stone. 


Masonry. 


34 


6 


12 





20 





.__ 


Level. 


.^ 


_ 


241 16 1 


U 


Stone. 


Masonry. 


34 


6 


12 





16 





^_„ 


Level. 


^■~ 


_ 


240 9 11 


16 


Stone. 


Masonry. 


34 


6 


12 





19 





^_„ 


Level. 


... 


... 


204 5 5 


17 


Stone. 


Masonry. 


34 


6 


12 





12 


4 


__i« 


Level. 


.. 


... 


802 3 2 


18 


Stone. 


Masonry. 


34 


6 


12 





14 





_ 


lin 30 


... 


1 6 


215 3 


19 


Stone. 


Masonry. 


34 


6 


12 





14 


10 


^_ 


Level. 


._ 


«. 


215 8 10 


99 


Stone. 


Masonry. 


34 


6 


12 





21 


10 


.^«, 


Level. 




... 


282 9 


81 


Stone. 


Masonry. 


47 


6 


22 





18 





linl3 


... 


14^0 


^ 


960 5 


» Stone. 


Masonry. 


24 





30 





18 





lin20 


.. 


15 


m^ 


1174 1 


8S 


.^ 


__ 


._ 


• 


30 







_ 


_^ 


_i. 


^^■^ 


... 


74 15 2 


94 


Stone. 


Masonry. 


16 





30 





18"" 





lin20 


... 


12 


... 


536 13 


9ft 


Stone. 


MasonTy. 


9 





45 





18 





Level. 




.^ 


... 


193 15 3 


96 


Stone. 


Masonry. 


16 





30 





18 





Iin30 


^ 


8 


... 


418 19 8 


27 


Stone. 


Masonry. 


30 





30 





18 





lin26 


.^ 


12 


... 


3735 6 7 


98 


Stone. 


Masonry. 


104 





7 





7 





_ 


_, 


... 


.. 


165 6 9 


99 


Stone. 


Masonry. 


24 





30 





18 





lin20 


_ 


5 


.^ 


864 13 10 


89 


Stone. 


Masonry. 


26 


6 


30 





23 





Level. 


H_ 


... 


.. 


470 8 9 


81 


Stone. 


Brick-work. 


25 





50 





60toC«nal 


_ 


M.. 


... 


.«. 


45,208 18 6 




None. 


Brick. 


None. 


12 





6 





_„ 


^^ 


v. 


.^ 


257 18 5 




Stone. 


Brick. 


35 





12 





15 





^_„ 


^^ 


M. 


... 


429 I 




Stone. 


Brick. 


25 





30 





27 





_ 


^m. 


ta. 


... 


5340 12 5 


85 


Stone. 


Rock. 


80 





30 





18 


6 


1 in 18. 


... 


6 


... 


316 19 6 


86 


Stone. 


Brick. 


20 





30 





18 





Level. 


M 


.^ 


.^. 


491 14 9 


87 


Stone. 


Brick. 


^_ 


• 


30 





19 





Level. 


... 


... 


... 


1703 19 1 


88 


Stone. 


Brick. 


12 





30 





20 





lin 9 


..M 


.... 


3 6 


434 7 9 


89 


Stone. 


Brick. 


12 





30 





18 





linl2 


_ 


7 


... 


369 12 2 


40 


Stone. 


Brick. 


20 





30 





18 





lin 18 


..« 


7 


... 


663 4 10 


41 


Stone. 


Brick. 


35 





12 





14 





_ 


Level. 




._ 


419 15 4 


42 


Stone. 


Brick. 


35 





12 





14 





^^ 


Level. 


... 


... 


823 10 8 


4S 


Stone. 


Brick. 


35 





16 





16 





M. 


lin 20 


... 


3 


621 1 7 


44 


Stone. 


Brick. 


35 





30 





30«b.IUT. 


H^ 


... 


■*. 


... 


1758 8 6 


48 


Stone. 


Brick. 


35 





9 





10 





_ 


.^ 


..« 


Unfshd, 


13 9 


46 


Stone. 


Brick. 


25 





12 





13 





a^ 


.^ 


... 


^. 


466 19 6 


41 


Stone. 


Brick. 


25 





16 





16 





.^ 


Level. 


mmm 


... 


513 9 6 


48 


Stone. 


Brick. 


125 





13 





13 to Wat. 


a^ 


_ 


1 


... 


1598 5 8 


49 


Stone. 


Brick. 


69 





12 





13 





_ 


Level. 


..^ 


... 


689 6 


80 


Stone. 


Brick. 


25 





16 





21 





___ 


Level. 


... 


^^ 


1098 18 4 


81 


Stone. 


Masonry. 


25 





22 





20 





_ 


Level. 


^. 


... 


1725 10 5 


« 


Stone. 


Masonry. 


25 





25 





12toW«t. 


^_ 


Level. 


... 


.^ 


1158 8 11 


88 


Stone. 


Red Rock. 


36 





30 





18 





I in 18 


.^ 


6 


... 


453 19 11 


84 


Stone. 


Red Rock. 


48 





30 





18 





li 24 


.. 


6 


.. 


954 1 


ift 


. 
























631 10 2 


M 


Stone. 


'Brick.'* ' 


"12" 


"o" 


'30" 


6 


16 


"6 


'i'in'ii" 


_ 


"fi'o" 


'Unfoiid.' 


31 19 


i7 


Stone. 


Brick. 


18 


8 


30 





18 





lin 18 


_ 


5 


^. 


417 13 7 


18 


Stone. 


Brick. 


48 





30 





18 





lin 30 


... 


6 




801 12 8 


10 


Stone. 


Brick. 


42 





30 





18 





lin 20 


... 


6 


^ V 




m 


Stone. 


Brick. 


42 





30 





18 





... 


.. 


6 


f. «) 


559 14 5 


;i 


Stone. 


Brick. 


48 





30 





18 





lin 20 


_ 


6 


1 TT.»<;. f 




•8 


Stone. 


Brick. 


48 





30 





18 


1 in 13 


_ 


7 


11 


988 15 11 


Q. Stone. 


Masonry. 


53 





63 





30toiUT.I _ 


... 




V J 


8795 4 4 


* 














■* 








4296 16 




















£ 






99,065 11 9 



100 



OBSEKVATIONS. 

Brickmakino Accounts.— The greater part of these Bricks 
are fast using in the building of the Manchester Warehouses^ Offices^ 
&c. and some in completing the Bridges at each end of the line. 

Bridges. — The foregoing description of the several Bridges in 
a tabular form> I have thought would not be uninteresting, as affording 
a popular view of the kind of structures that may be expected to 
occur in similar undertakings. It will be seen that several of the 
Bridges are still unfinished^ though fast approaching their completion 
•—for this purpose a fund is reserved, as per the estimate below. 

Chat Moss.— Under this head is comprised the earth-work 
from Bury-lane Bridge to Legh's Occupation Bridge, on the east 
border of the Moss, a distance of 4| miles. The Embankments 
in this space consist of about 277>000 cubic yards of moss earth, in 
the formation of which about 677>000 cubic yards of raw moss have 
been used ; the difference in measurement being occasioned by the 
squeezing out of the superabundant water, and consequent consolida- 
tion of the moss. The expenditure on this district has been less than 
the average expenditure of the rest of the line. 

Cuttings and Embankments. — Under this head is comprised 
the earth-work on the whole line, exclusive of the Chat Moss dis- 
trict. The Cuttings somewhat exceed the Embankings : the surplus 
is principally deposited al<Hig the border of the great Kenyon 
Cutting. The Excavations consist of about 7^2^000 cubic yards of 
rock and shale (including some side cuttings at Eccles, to expedite 
and improve the consistency of the Barton Embankment), and about 
2,006,000 cubic yards of marie, earth and sand. This aggregate 
mass has been removed to various distances, from a few furlongs to 
between three and four miles ; and no inconsiderable portion of it has 
been hoisted up by machinery, from a depth of SO to 50 feet, to be 
deposited on the surface above, either to remain in permanent spoil 
banks, as at Kenyan, or to be afterwards carried to the next embank- 
ment, as at the deep rock cutting through Olive Mount ; the process 
in this latter case being rendered expedient from considerations of 
increased expedition. Where land for the deposit of spoil banks has 
1)een purchased, the cost of the land forms part of the expenditure 



und^ this head^ and a good deal of substatitial and loftjr walling in 
the deep cuttings is also included. The unavoidable expense of 
pumping out the water from the several cuttings on the line during 
a wet season^ was adverted to in the text. 

Formation of the Permanent RoAD.*-^This consists of what 
is termed ballasting the road — ^that is^ depositing a layer of broken 
rock and sand^ about two feet thick^ viz. one foot below the blocks^ 
and one foot distributed between them, serving to keep them firm 
in their places. Spikeing down the iron chairs to the blocks or 
sleepers^ fastening the rails to the chairs with iron keys, and adjusting 
the rail-T^ay to the exact width and curve and level, come under 
this head of expenditure. 

Iron Rail Account.— This expenditure comprises the following 
items : — 

Rails fi^r a double way from Liverpool to Manchester, with occa- 
sional lines of communication, and additional side lines at the different 
Depots, being about 35 miles of double way, =i 3847 tons, at prices 

averaging something less than £ 1 2. 1 Os. per ton £48,000 

Cast-iron Chairs, 1428 tons, at an average of £ 10. 10s... 15,000 

Cost of Spikes and Keys, to fasten the Chairs to the \ q aQn f\ n 
Blocks and the Rails to the Chair / ^'^^^ " ^ 

Cost of Oak Plugs for the Blocks 6l5 

Sundry Freights, Cartages, &c. &c. ...•. 46? 2 

£67, 9 i^ 2 



Land. — This is a heavy item of expenditure. The price of land 
in the vicinity of large towns is usually high ; and the outlay was 
further enhanced by numerous claims for compensation, owing to 
the prejudice which a few years since existed against Railways, and 
especially against what now appears their peculiar recommendation — 
the Locomotive Engine. A great change has taken place in this 
respect. At the close of 1828 the charge under this head was nearly 
'^102,000., but a portion of this amount being for the Depots, has 
been transferred to the Carrying Department. 

Office Establishment. — This comprises the salaries of Treasurer 
and Clerks, Office Rent, Stationary, Printing, &c. since October, 
1824. 
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Stone Blocks and Sleepers — Out of the Si miles^ about 
18 are laid with Stone Blocks, and 13 with Wood Sleepers, oak 
or larch ; these latter being laid principally across the Embank- 
ments, and across the two districts of moss. A considerable quan- 
tity of Wood Sleepers have been destroyed, unavoidably, in the 
progress of the work. 

Surveying Account.— This comprises the cost of Surveys, 
Plans, &c. for the two applications to Parliament, in 1825 and 1826 ; 
also the salaries of the Engineer, and principal Assistants^, Stationary, 
&c. from the commencement of the undertaking. 

Travelling Expenses. — This includes the cost of sundry 
journeys and deputations to London, Darlington, Newcastle, &c. 
since 1 824 ; also the cost of journeys of inspection on the line of 
Railway during the progress of the works. 

Tunnel Compensation Account.— -This consists of compai- 
sation paid to parties under whose premises the Liverpool Tunnel 
is excavated, for damage, either real or supposed ; and further, of 
loss sustained on the re-sale of sundry houses and lands which the 
Company were required to purchase. There will be a credit to this 
account for premises re-sold to the extent of about £2500. 

Waggon Account. — This expenditure is principally for waggons 
used in the progress of the work. There will be a credit to 
this account from the re-sale of suoh waggons as cannot conve- 
niently be adapted to the future purposes of the Railway, and by a 
transfer of the remainder to the carrying department, at their 
estimated value. 

It will be observed that the statement of expenditure is up to the 
31st of May, 1830. The Railway, however, will required further 
outlay to render it complete, though the Locomotive Engine has 
passed over every foot of ground from Liverpool to Salford. The 
i^lopes of the Cuttings want dressing, and several of them want pro- 
tecting with foot walls. The permanent road-way is not quite 
finished, and some portions that have been laid down require adjust- 
ing and re-levelling. The fencing also in portions of the line will 
be incomplete for some time. 

The Directors, in their Report dated 25th March last, estimate^ 
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the total expenditure, including Warehouses, Machinei*y and Cara 

riages, at £820,000., which may be apportioned as follows : — 

Expenditure, as above, in actual payments, tol |^-,o/^ ^^^ ^ a 
31st May ^i.739Ab5 5 

Outstanding engagements to the same date «... 7,500 

For Walling the Slopes in sundry places, and 1 /^ ^^^ ^ ^ 
completing permanent road j ,7 v u u 

For completing the Bridges, including the Irwell, 1 

£6000, and Parapets of the Sankey Viaduct V 9,500 
£1400, and compensation in lieu of bridges ... j 

Additional Engines, Waggons and Machinery, 1 . „ ^^^ ^ 

part under contract for delivery j 7,0 O 

Completing Stations, Wharfs, Warehouses, ) ^« ^^^ ^ ^ 
Offices,&c .7 25,000 

Fencing at sundry places 3,000 0, 

Contingencies * 12,084 15 

£820,000 

The public opening of the Railway is a subject of interest and 
inquiry. It is some time since coal for the Company's purposes was 
conveyed from the Elton Head Collieries, in Sutton, to the Crown* 
street Station, in Liverpool ; and on the 14th of the present month 
(June)> an experiment was made which may be regarded as a pre- 
liminary measure to a general opening, well cal(*ulated to exhibit the 
peculiar character of Railway conveyance, and to put to the test 
the capabilities of the Locomotive Engine. On this occasion the 
Directors, in two of their carriages (the one a close glass coach, the 
other an open carriage) proceeded in a journey of inspection from 
Liverpool to Manchester and back. The Arrow Locomotive, one 
of the improved Engines on the Rocket principle, was the moving 
power. The gross weight drawn was about 33 tons, consisting as 
follows : — 

Stone in seven Waggons 20 tons< 

Weight of Waggons 7 

Engine-Tender and six persons ^ 3 

Two Carriages and 20 persons * 3 






33 tons. 
With this load she travelled from the Engine House, Liverpool^ to Old- 
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field-lane Bridge, Salford, Manchester, the distance being about S9 
miles, in two hours and 25 minutes, including two stoppages to take in 
water. Up the Whiston inclined plane she was assisted by the Dart, 
an Engine of similar construction and power, and the first quarter 
of a mile of the ascent was accomplished at a speed of 1 7 miles per 
hour, which however decreased to about 4 miles per hour before 
the summit was gained, the mile and a half being accomplished in 
12 minutes, the average speed, therefore, being 7^ miles per hoiu*. 
At the top of the ascent, the Dart was unyoked, and the Arrow pro- 
ceeded with her cargo along the straight and level plane at Rainhill 
at the rate of l6 miles per hour. On the return from Manchester 
the Engine-Tender and the two Carriages with passengers, con- 
stituted the whole load drawn. The first 9^ miles from Oldfield- 
lane Bridge to Glazebrook Bridge, including the Chat Moss district, 
were accomplished at a speed averaging from 19 to 20 miles per 
hour. The whole distance was accomplished in 1 hour and 46 
minutes, including stoppages, the speed generally varying from 18 
to 25 miles and upwards per hour, and the Engine not working to 
her full power, a great portion of the way. The speed up the Sutton 
inclined plane, (without any assistant Engine,) averaged more than 
15 miles per hour. The day was wet, and the rails, in places, very 
dirty ; the whole performance therefore, took place under circum- 
stances by no means favourable; but the result was highly satisfactory. 
It will now be in the discretion of the Directors to name the day 
when they shall consider the Railway in that state of completeness 
which may render expedient the public conveyance of passengers or 
merchandise, either the whole distance, or along part of the line in 
the first instance. It may be sufiicient to refer the date of the opening 
of the Liverpool and Manchester Railway to the summer of 1830. 

Liverpool, June, 1830. 



FINIS. 
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